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Parasites of the Oriental Fruit Moth in
the Eastern United States

By H. W. ALLEN,' entomologist, Entomology Research Division, Agricultural
Research Service

From 1930 to 1939 the survey of
parasites of the oriental fruit moth
(Grapholitha molesta (Busck)) in
the area from Massachusetts to
Georgia and west to Illinois,
Kansas, and Texas was a major
project of the U.S. Department of
Agriculture’s Oriental Fruit Moth
Investigations at Moorestown, N.J.
This work was supplemented by
more limited surveys during several
seasons from 1940 to 1957. The
data obtained are summarized in
this publication. Since recognition
of species is essential, keys have
been prepared when the pertinent
characters were fairly obvious. In
preparing these keys the publica-
tions of the Department and the
U.S. National Museum have been
followed whenever feasible.

The North American parasites
and hyperparasites of the oriental
fruit moth include many species
that are economically important in
controlling numerous other injuri-

METHODS

It is unfortunate that many pub-
lished records of host-parasite re-
lationships are erroneous because of
misidentifications or incorrect asso-
ciations with hosts. Inthe research
at the Moorestown, N.J., laboratory,
all specimens representing new rec-

* Retired 1958.

ous insects. The complex relation-
ships between this host, its parasites
and hyperparasites, and the asso-
ciated hosts of these parasites are
rather extensive, although they tend
to be concentrated among other
small Lepidoptera that live as fruit-
worms, stem borers, casebearers,
leaf rollers, leaf miners, or web-
worms or whose larvae live in a pro-
tected environment. In this pub-
lication these relationships are re-
viewed briefly, available biological
information 1s abstracted, and al-
ternate hosts are listed except for a
few  extensively  polyphagous
species.

A major part of this publication
is devoted to a discussion of indi-
vidual parasite species. For each
species, the available published in-
formation on distribution, hosts,
biology, and its parasitism of the
oriental fruit moth has been re-
viewed, and the information gained
from the studies at Moorestown has
been added.

OF STUDY

ords for the species or new locality
records for common parasites were
identified by specialists at the U.S.
National Museum.

The correctness of the association
with a host depends on laboratory
technique. One of the most com-
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mon sources of error is the assump-
tion that when a parasite is reared
from a lot containing a certain host,
which is being reared from plant
tissue, that the parasite has issued
from that host. In mass rearings
it is usually possible that the para-
site may have issued from other
hosts accidentally included. At
Moorestown each lot collected was
reared in a screened container until
the feeding insects had cocooned.
These cocoons were then isolated,
one to each 2-dram vial. After
emergence the parasites were identi-
fied. Whenever there was any
doubt as to the host, the host cocoon
was opened and its larval remains
were carefully examined. They
were relaxed 1 a hot solution of
sodium hydroxide, and the anal
plate, which is highly characteristic
in the oriental fruit moth, was
examined microscopically. This
process, when referred to in later
discussions, is called identification
from host remains.

In one method used to study par-
asitism of oriental fruit moth
cocoons, trap bands of burlap or
corrugated paper were wrapped
around the trunks and large
branches of peach trees. After be-
ing exposed from one to several
weeks, they were removed, and the
cocoons were cut out and isolated,
one to a vial, for rearing. This
method was used in 1931 and 1932.
For most of the material reared, the
host remains in the tube with each
emerged parasite were carefully ex-
amined— (1) to prove whether the
host was the oriental fruit moth,
(2) to observe whether the parasite
issued from the prepupa or pupa of
this host, and (8) to determine
whether the parasite issued directly
from the oriental fruit moth as a
primary parasite or as a secondary
parasite from some of its numerous
primary parasites. Since most of
the secondary parasites issued from

cocoons of primary larval parasites
found within the oriental fruit
moth cocoons, their status was
readily determined.

In the other method employed
from 1931 to 1936 and intermit-
tently thereafter, unparasitized
oriental fruit moths reared in the
laboratory were allowed to cocoon
in paper strips. Single cocoons
were cut from these strips and
pinned to trees for exposure to par-
asite attack. Usually one freshly
formed cocoon was pinned on the
shady side of each tree trunk. Each
lot contained cocoons exposed on 25
trees randomly distributed in an
orchard. In some lots more than
one cocoon per tree was exposed,
and the lot contained 50 or more
cocoons. The cocoons were exposed
shortly after being formed and
usually were removed before para-
site emergence commenced. Most
lots were exposed for 4 to 7 days,
after which they were removed, and
each cocoon was isolated in a small
glass vial and reared to completion
of emergence.

All quantitative measurements of
cocoon parasitism have deficiencies.
This is particularly true when the
exposure period on trees is short
and the cocoons are removed before
they have had the normal exposure
to parasite attack. Except in late
summer, when most of the oriental
fruit moths in cocoons are in the
overwintering diapause, long ex-
posures on trees are also undesir-
able, because parasite emergence
occurs before the cocoons are re-
moved and some of these parasites
cannot be reliably identified from
remains in the host cocoon. When
there is a heavy mortality among
the cocoons without superficial evi-
dence of parasitism, it is difficult to
decide whether estimates of para-
sitism should include or exclude
such material. For species always
issuing from prepupae, estimates
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should usually include dead pupae
in the same status as emerged
moths. However, among the para-
sites of oriental fruit moth cocoons
there are not many species that al-
ways issue from the prepupae.

The method of employing trap
bands was better in determining the
parasitism of the cocoon, because
it permitted natural cocooning in
locations selected by the host, and
because the cocoons obtained had
the normal proportion of the pri-
mary larval parasites, which pro-
vided reliable data on the true status
of the parasites reared. However,
this method was often not effective,
since there were many orchards
where the oriental fruit moth pop-
ulation was so low that few or no
cocoons were trapped and the data
on parasitism were lacking or
meager.

The method of exposing parasite-
free cocoons reared in the labora-
tory provided valuable data on spe-
cies of parasites attacking the co-
coon stage, such as the season when
they were prevalent as oriental fruit
moth parasites, where they oc-
curred, what stages were attacked,
and whether the parasites were
really primary parasites of the ori-
ental fruit moth. The relatively

high rates of parasitism often ob-
tained in lots of parasite-free
cocoons exposed in orchards indi-
cated that when parasitism by pri-
mary larval parasites was low or
absent, the effect of cocoon parasites
would be much more significant.
However, the method of exposing
laboratory-bred cocoons departed
so far from natural conditions that
the data obtained had limited value
as a quantitative measure of cocoon
parasitism.

During the spring and summer of
1957, life-history notes were ob-
tained on several species of cocoon ~
parasites. In the breeding tests,
well-ventilated glass tubes, 4 by 1
inch, were placed in frames so that
they could not roll. A streak of
honey on waxed paper and a small
vial containing fresh water pro-
vided the adults with food and
drinking water. Cocoons of the
oriental fruit moth in cardboard
corrugations were exposed to ovi-
positing parasites for 24 hours and
were then reared in small isolated
lots. In some tests, wooden cages
about 24 cubic inches in size, with
gauze on two sides, were employed.
All rearing was done at nearly op-
timum temperatures of 80° to
85° F.

SCOPE OF SURVEY

The extent of the survey on which
this publication is based is indi-
cated in table 1.

The 25 States from which collec-
tions of host and parasite material
were received and reared included
the following States in which only
a small amount of work was done:
Rhode Island, Kansas, Mississippi,
Louisiana, and Texas. There was
some commercial peach growing in
nearly all the 265 counties included

in the survey, and all the principal
peach-growing sections of the East-
ern States were represented. Al-
most a quarter million insects, in-
cluding both hosts and parasites,
were reared in this survey, of which
about 92,000 were parasites. The
survey of oriental fruit moth larvae
infesting peach twigs was much
more extensive than that of fruit-
infesting larvae or of cocoon
parasites.
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TaBLE 1.—Numbers of counties, localities, and properties represented by
collections of orienial fruit moth larvae and cocoons reared at Moores-
town, N.J., 193047, and numbers of parasites and total insects reared

Insects reared
State Counties| Localities | Properties |Collections
Parasites | Total !

Arkansas________ 5 8 14 24 27 796
Connecticut______ 4 17 29 124 1, 747 5,033
Delaware. _______ 2 6 11 70 3, 377 4, 590
Georgia__________ 19 36 83 142 338 | 3,471
Illinois_ _________ 20 37 75 199 1, 811 6, 072
Indiana__________ 30 44 74 233 2, 504 9, 238
Kansas__________ 3 3 4 8 3 110
Kentueky._ - _____ 12 22 61 154 990 5,574
Louisiana____ 3 3 5 10 0 270
Maryland________ 7 13 28 212 2,633 | 7,679
Massachusetts_.__ 8 36 59 145 702 3, 424
Michigan. . ______ 12 38 55 133 3, 009 5, 604
Mississippi--_-___ 2 2 2 5 3 252
Missouri_________ 13 16 23 76 557 2, 588
New Jersey_ . - ___ 12 48 103 1,371 44, 665 75, 214
New York_______ 11 58 120 381 5, 496 18, 082
North Carolina___ 8 15 20 99 184 3, 808
Ohio____________ 31 74 136 511 11,802 | 25,903
Pennsylvania_____ 17 46 91 279 3, 122 8, 882
Rhode Island.____ 3 5 6 6 2 85
South Carolina._ __ 15 33 75 219 1, 857 9, 072
Tennessee________ 1 5 22 107 1, 422 3, 555
exXas_ ... 1 1 1 7 0 201
Virginia_ ________ 21 44 111 440 4,748 24, 374
West Virginia____ 5 9 14 34 884 1,740
Total______ 265 619 1, 222 4, 989 91, 883 | 225, 617

1Qriental fruit moths and parasites.

PARASITISM AS DETERMINED FROM
TRAPPED COCOONS

In 1931, 67 collections of oriental
fruit moth cocoons were obtained
from 12 counties in 4 States by
means of trap bands, from which
1,076 cocoons were reared to emer-
gence. Since they were trapped
principally during the first two gen-
erations of the oriental fruit moth,
they were heavily parasitized by the
primary larval parasites of the
genera Macrocentrus, Glypta, and
Pristomerus. In addition, seven
species of cocoon parasites were
reared, of which some were second-
ary parasites. However, during

1931 complete data were not ob-
tained on the host status of all para-
sites reared.

More extensive collections of
trapped cocoons of the oriental
fruit moth were obtained in 1932
from 23 counties in 10 States. A
total of 2,585 cocoons from 86 collec-
tions were reared to emergence.
The results are presented in table 2.
They provided the best data ob-
tained in any year of the study on
the parasitism of the oriental fruit
moth cocoons,
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TaBLE 2.—Parasitization of oriental fruit moth cocoons collected by means
of trap bands, 1932

Parasitization by—
State and county Collec- Host
tions cocoons | Primary | Primary |Secondary
larval cocoon cocoon
parasites | parasites | parasites
Massachusetts: Number Number Percent Percent Percent
Hampden_.___________ 5 110 11. 2 25. 2 4,6
Connecticut:
Hartford .. __________ 3 104 14.3 6. 4 5.7
Tolland_ - ____________ 1 44 25.0 13. 6 11. 4
New York:
Niagara______________ 6 179 32.2 2.1 20. 2
Orleans.___.____________ 3 29 26. 7 10. 3 19. 8
Rockland..___________ 3 38 10. 1 21. 6 4.2
New Jersey:
Burlington.___________ 18 | 1,395 12. 5 6.3 5
Pennsylvania: :
i 7 57 6.5 80 0
2 11 35. 4 6. 2 18.
5 42 20. 6 2.5 5.0
1 32 0 0 0
Maryland:
Washington___________ 8 64 390.8 81 6. 2
Virginia:
Augusta______________ 3 24 7.4 0 3.7
Botetourt_____________ 2 50 7.3 22.9 1.1
Frederick..___________ 2 14 73.1 0 57. 7
Roanoke_ ____________ 1 11 9.1 18. 2 0
Rockingham__________ 2 28 16. 6 2.4 4.8
Kentucky:
Henderson____________ 1 11 9.1 9.1 0
Ohio:
Erie_ . _____________ 2 88 74. 6 3.0 23.0
Lake oo o____ 2 27 78. 6 12. 3 12.3
Lorain_______________ 3 56 6.9 3.1 1.3
Ottawa. .. ________ 3 75 18. 6 2.3 11. 0
Summit______________ 3 46 38. 4 6.1 2.4
Total or average_.__. 86 2, 535 25.0 8.2 9.3

Any data on parasitism of orien-
tal fruit moth cocoons that fail to
evaluate the role of the secondary
parasites can be highly misleading,
asillustrated by the results obtained
in Erie County, Ohio. Parasitiza-
tion by primary larval, primary
cocoon, and secondary cocoon para-
sites averaged 74.6, 3.0, and 23.0
percent, respectively. If the data
had been based merely on the para-
sites that issued without determin-
ing whether they were primary or

secondary, in a total parasitization
of 77.6 percent, 51.6 percent would
have been credited to larval para-
sites and 26.0 percent to cocoon
parasites. But in this instance most
of the cocoon parasites were sec-
ondary issuing from the primary
larval parasites. It is obvious that
these should be added to the total
of primary larval parasites and
deducted from the total of cocoon
parasites. Thus, only 3.0 percent
could be credited to cocoon para-
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sites, or only about one-twenty-
fifth of the 74.6 percent destroyed
by primary larval parasites.

The average parasitization by
primary larval, primary cocoon,
and secondary cocoon parasites
(table 2) varied widely from county
to county. Inmore than half of the
counties parasitization by primary
larval parasites exceeded that by
primary cocoon parasites, and the
average was three times as great.
In nine counties parasitization by
secondary cocoon parasites exceeded
that by primary cocoon parasites,
and the average was slightly
greater.

In 1932 a third of the collections
were obtained during the first two
generations of the oriental fruit

moth, when parasitization by larval
parasites is relatively high. The
combined parasitization gy larval
and cocoon parasites in these collec-
tions was 32.9 percent, of which only
3.5 percent was due to primary co-
coon parasites. In the collections
made during the third and later
generations, which are generally not
heavily attacked by larval parasites,
primary cocoon parasites destroyed
10.5 percent in a combined parasiti-
zation of 29.1 percent. It is con-
cluded that in 1932 cocoon parasites
contributed a relatively small por-
tion of the total parasitization, but
this contribution was distinctly
greater in the third and later
generations.

SPECIES THAT ATTACK EGGS OR LARVAE

In the FEastern United States
more than 90 species of parasites
have been reared that attack the
eggs or larvae of the oriental fruit
moth. None of these have been
reared as hyperparasites, and very
few are extensively polyphagous.
Most species are diurnal, but M acro-
centrus ancylivorus Rohwer and
probably other species of Macrocen-
trus are crepuscular or even noc-
turnal.

Trichogramma minutum Riley is
the only true egg parasite. ’%he
braconids 4scogaster quadridentata
Wesmael and Phanerotoma fasciata
Provancher, which attack the eggs
but issue from the cocooned larvae,
are usually listed with the larval
parasites. So far as is known the
species of Peridampus associated
with the oriental fruit moth com-
plex are always hyperparasites.
Their larvae enter the larvae of the
oriental fruit moth but only develop
to maturity when they find there the
larvae of some suitable primary
parasite. Species of Bracon are ex-

ceptional among the larval parasites
of the oriental fruit moth in their
habit of paralyzing the hosts, upon
which their larvae feed as ectopara-
sites. The ichneumonid parasites of
the genera Atrometus and Labro-
rychus are unusual in their habit of
attacking larvae and issuing from
pupae.

There is much uniformity in habit
among the other parasites that at-
tack oriental fruit moth larvae.
Usually the larvae are young when
attacked and the eggs are laid inter-
nally without paralyzing the host,
which does not succumb until after
it has cocooned. Usually only one
parasite issues from each host, and
1t pupates within the host cocoon
beside its remains. All except the
Tachinidae form cocoons that have
generic variations in color, form,
texture, and type of exit of emerg-
ing adults. The sexes are usually
nearly equal in number, but in 4ga-
this diversa (Muesebeck) males oc-
cur only rarely and are probably
nonfunctional.
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The 11 species of larval parasites
that have been most effective against
the oriental fruit moth larvae are
shown in table 3. There are numer-
ous ways of making quantitative
estimates of parasite effectiveness,
none of which are entirely satisfac-
tory. For instance, when a large
area 1s being studied, it does not
seem desirable to include in the
totals used in computing percent
parasitization the results of rearing
from one or more States where the
parasite does not occur with other
totals from a State where it is a
valuable parasite. Consequently, in
this table the percent parasitized is
based on total insects reared from
collections where the parasite was

resent. The number of counties
1In which a parasite occurred is a
measure of the broad distribution,
and the number of localities and
properties is a measure of the com-
pleteness of penetration to the limits
of the possible environment, which
in this instance is assumed to be the
orchards infested by the oriental
fruit moth. The number of collec-
tions from which a parasite has been
reared in relation to the number of
properties is to some extent a meas-
ure of the breadth of seasonal
distribution.

M. ancylivorus was in every re-
spect the dominant species, and the
large number of localities and prop-

erties from which it was reared in-
dicates a relatively high degree of
penetration of the possible environ-
ment. It was also the only species
that conspicuously increased its ef-
fectiveness during the period sur-
veyed. The ratio of nearly 4 to 1
of collections to properties also
shows a satisfactory seasonal dis-
tribution. However, even this valu-
able and dominant species was re-
covered from only about two-thirds
of the counties and a somewhat
smaller fraction of the localities and
properties.

Because of its limited distribution
Temelucha grapholithae (Cush-
man) is far down on this list, but
in districts where it occurred it
produced a higher average parasiti-
zation than all but three of the
species reared. In contrast, A.
quadridentata has a better distribu-
tion than two other species, but it is
placed at the bottom, because the
average parasitization is less than
that of the other species.

The data on which this table was
based were obtained principally
from the oriental fruit moths that
infested peach twigs. If the survey
had been based on those infesting
apples in unsprayed orchards, it is
probable that A. quadridentata
would have been much higher on the
list.



TaBLe 3.—Data on relative abundance of the economically important larval parasites of the oriental fruit moth
larvae in the Fastern United States, 1930-47

Abundance based on collections from which Hosts
designated parasites were reared and Parasitization
Parasite species para- | of oriental fruit
sites moth larvae

Counties Localities Properties Collections reared
Number Percent Number Percent Number Percent Number Percent Number Number | Percent
Macrocentrus ancylivorus._____ 171 65 375 61 709 58 2, 642 53 |144, 679 | 62, 137 42. 9
Glypta rufiscutellaris . - _______ 144 54 333 54 548 45 1, 246 26 | 84,430 | 10, 501 12. 4
Macrocentrus delicatus__ - ___ __ 159 60 275 44 425 35 981 20 | 52, 451 6, 892 13. 1
Pristomerus euryptychiae____ __ 102 38 193 31 271 22 591 12 | 44,224 1, 803 4.1
Temelucha minor _ _ _ _________ 84 32 178 29 279 23 465 9 | 30, 306 1, 757 5.8
Macrocentrus instabiles _ _ _ ____ 91 34 161 26 218 18 337 7 | 25,475 902 3.5
Eubadizon pleurale. ... _____ 89 34 132 21 181 15 264 5| 17,788 739 4.2
Temelucha forbest_ ___________ 45 17 87 14 112 9 192 4 | 20,753 581 2.8
Temelucha grapholithae_ ______ 19 7 31 5 41 3 68 1 6, 550 679 10. 4
Horogenes obliteratus_ _ _______ 64 24 97 16 124 10 175 4 | 13,292 302 2.3
Ascogaster quadridentata_ _____ 48 18 84 14 109 9 146 3 | 14, 483 273 1.9
Total rearings_______________ 265 | _______ 619 |________ 1,222 |________ 4,989 |________ 225,617 ({191, 883 40. 7

1 Parasitized by all species.
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Tachinidae

Six species of Tachinidae are
known to be parasitic on the oriental
fruit moth in the United States.
None are economically important as
parasites. The following key to
Lizophaga adults has been adapted
from Aldrich (7925),2 and the key
to puparia has been adapted from
Greene (1922).

Genus LIXOPHAGA

Three species of Lizophaga have
been recorded as parasites of the
oriental fruit moth. Although they
are fairly common, almost no bio-
logical information on them has
been obtained.

The best known member of the
genus is Lizophaga diatracae
(Townsend), an important parasite
of Diatraea saccharalis (Fabri-

? The year in italics after the author’s
name is the key to the reference in Litera-
ture Cited, p. 121.

cius). This parasite is larviparous
(Box 1933). The eggs hatch in the
body of the female 6 to 7 days after
mating. The larvae are deposited
near the entrance to the D. sac-
charalis tunnel, into which they
crawl to find the host. The life
cycle in Antigua, British West
Indies, is 20 to 33 days, and there
are 13 generations annually. Z.
diatraeae was readily propagated
by dissecting females 7 to 10 days
after mating and transferring the
larvae to D. saccharalis larvae.
The other Lizophaga species may
have a similar life history.

Lixophaga variabilis (Coquillett)

Livophaga variabilis has been re-
ported by various authors as occur-
ring from Maine to Georgia, west-
ward to South Dakota, Iowa,
Missouri, and Texas and in Cali-
fornia and Cuba. Aldrich (1925)
included as hosts three olethreutids

KEY TO SPECIES OF TACHINIDAE ATTACKING ORIENTAL FRUIT MOTH LARVAE

1. Puparia____________________________
Adults_o o oo ..
2. Fourth vein present beyond bend_____
Fourth vein evanescent beyond bend._

3. First posterior cell of wing not petiolate at apex__________________________
First posterior cell of wing closed with petiole at its apex

4. Eyes not pubescent___._______________
Eyes densely pubescent______________
5. Females. .. ________________________

Anachaetopsis tortricis (Coq.)

" Without orbital bristles; abdomen without yellow on its sides

Lizophaga variabilis (Coq.)

7. Lower part of parafacial as wide as third antennal joint__Lizophaga plumbea Ald.
Lower part of parafacial much narrower than third antennal joint

8. Parafacial in lower part much narrower than third antennal joint

Lizophaga mediocris Ald.
9

Parafacial at narrowest wider than third antennal joint._Lizophaga plumbea Ald.
9. Third abdominal segment when viewed from behind with broad median black

stripe_ - . _____

_______________ Lizophaga mediocris Ald.

Third abdominal segment with narrow partial stripe or none; abdomen with-

out coarse dots, sides not yellow__________________ Lizophaga variabilis (Coq.)

10. Spiracles at most only moderately protruding____________________________ 11
Spiracles strongly protuberant and divergent from base, cleft between them

V-shaped; spiracular plate with five slits_________ Anachaetopsis tortricis (Coq.)

11. When viewed from side, spiracles on or below longitudinal axis
Dichaetoneura leucoptera Johns., Lizophaga variabilis (Coq.)
When viewed from side, spiracles distinctly above longitudinal axis

Nemorilla floralis (Fall.)
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and three species of Coleoptera,
representing three families, all
of which are borers. Thompson
(19561) listed 11 hosts, all of which
are Lepidoptera and most of them
stem gorers, including five ole-
threutids, three pyraustids, and
two phalaenids. £atterthwait and

Swain (1946) and Satterthwait -

(1948) recorded that variabilis was
parasitic on several species of Lepi-
doptera infesting the seed heads or
stems of sunflower (Helianthus).
Thus variabilis is primarily a para-
site of lepidopterous larvae that
tunnel in stems, fruits, or nuts. It
is especially a parasite of Ole-
threutidae.

Little information has been pub-
lished on the biology of this species,
except that it is a parasite of larvae.
Satterthwait and Swain (7946)
found that in the sunflower bud-
worm Suleima helianthana (Riley)
the mature parasite larva issued
from the host larva to form its
puparium.  Satterthwait (7948)
observed that in Missouri the life
cycle required at least 21 days, that
there were several generations a
year, and that the parasite over-
wintered as a puparium.

L. variabilis was first recorded
from the oriental fruit moth by
Garman (79178) in Maryland and
Wood and Selkregg (1918) in Vir-
ginia in 1918. It has since been
recorded from that host by various
workers in New Jersey, I%elaware,
Maryland, Virginia, Georgia, Ohio,
and Missouri (Stearns 1919, 1928,
Snapp and Swingle 7929, Haeussler
1930, Stearns and Neiswander 7930,
McConnell 7932, Stearns and Amos
1941, Wingo 1941, Bobb 1942).

At the Moorestown laboratory
variabilis was reared as a parasite
of the oriental fruit moth from 72
collections of infested peach twigs
obtained from 63 properties, 53
localities, and 41 counties, which
were, respectively, 1.4, 5, 9, and 15
percent of the total surveyed. In
several collections the rate of para-

sitization by variabilis was slightly
over 5 percent. In the collections
from which it was recovered, para-
sitization by variabilis was 1.9 per-
cent of the 4,928 total insects reared.
It was an uncommon parasite in the
northern part of the peach-growing
area. It was not recovered from
Michigan and was rare in Ohio,
New York, and Connecticut—all
States where many collections were
made. It was most abundant as a
parasite of the oriental fruit moth
mn Illinois, Missouri, Kentucky,
and South Carolina.

At the Moorestown laboratory
variabilis attacked the larvae of the
oriental fruit moth. In one host a
respiratory funnel was found in the
fourth abdominal segment. The
mature larvae issued from host
prepupae and formed their puparia
in the cocoon beside the remains of
the host.

L. variabilis occurred commonly
in southern New Jersey in several
alternate hosts abundant near peach
orchards. It was reared from both
the summer and the overwintering
generation of Epiblema strenuana
(Walker) and from the overwinter-
ing generation of Z. scudderiana
((glemens), Rhyacionia rigidana
(Fernald), and a borer of Bidens,
probably Z'. otiosana (Clemens).

Lixophaga mediocris Aldrich

Lixophaga mediocris has been
reported from Virginia, New Jer-
sey, Ohio, and Tennessee (Aldrich
1925, Driggers 1929, Butler 1932).
It appears to be a fairly common
parasite of Rhyacionia frustrana
(Comstock) larvae in Virginia

Cushman 7927, Underhill 193).

ushman stated that it forms a
puparium in the host burrow. L.
mediocris has been recorded as a
parasite of the oriental fruit moth
in New Jersey (Driggers 1929),
Ohio (Stearns and Neiswander
1930), and Tennessee (Butler 7932,
1933).

At the Moorestown laboratory
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mediocris was reared from collec-
tions of the oriental fruit moth in-
festing peach twigs from Virginia,
South Carolina, Kentucky, Ten-
nessee, Ohio, Indiana, and Illinois.
It was reared from 24 collections,
22 properties, 19 localities, and 15
counties, which were, respectively,
0.5, 1.8, 3, and 6 percent of the total
surveyed. This parasite attacked
the larval stage. At least during
the second instar, the parasite larva
was footed in a respiratory funnel
attached near the first abdominal
spiracle. The parasite usually is-
sued from oriental fruit moth
prepupae and formed its puparium
beside the host remains. One spec-
imen was reared in 1932 from
Rhyacionia rigidana collected at
Medford, N.J.

Lixophaga plumbea Aldrich

The distribution of ZLizophaga
plumbea, as reported by various au-
thors, includes Ontario, New Jersey,
Delaware, Maryland, Virginia, In-
diana, and South Dakota. This
species has been recorded (Aldrich
1925, Cushman 17927, Underhill
1943) from only two hosts other
than the oriental fruit moth. It is
a fairly common parasite of Rhy-
acionia frustrana and has been
reared from Phalonia oenotherana
Riley. Cushman stated that it was
an internal parasite of 2. frustrana
larvae. It was reared from the ori-
ental fruit moth in New Jersey
(Aldrich 7925, Driggers 1929,
Haeussler 1930), Ontario (Steen-
burgh 7937), and Delaware
(Stearns and Amos 7941).

At the Moorestown laboratory
plumbea was reared from collec-
tions of infested peach twigs from
Connecticut, New York, New Jer-
sey, Ohio, and Indiana. It was
reared from 11 collections, 10 prop-
erties, 10 localities, and 8 counties,
which were, respectively, 0.2, 0.8,
1.7, and 3 percent of the total sur-
veyed.

Nemorilla floralis (Fallén)

Nemorilla floralis has been re-
ported in voluminous literature
under several names. It is a com-
mon parasite of Lepidoptera in
Europe and North America. Clark
(193}) also found it in Japan. Ald-
rich and Webber (7924) recorded
it as occurring from New England
to Idaho and Arizona and in Can-
ada, Cuba, and the Virgin Islands.

N. floralis is parasitic on many of
the smaller species of Lepidoptera.
Thompson (1951) listed 30 hosts, of
which more than half are pyralids
or tortricids. Shaffner and Gris-
wold (1934) in very extensive rear-
ing work in New England did not
find it parasitic on a single species
of Macrolepidoptera. It belongs to
the well-known group of Tachini-
dae, which lay macrotype eggs on
the host.

Comparatively little has been
published on the biology of this
species. Clark (1934) reared it from
overwintering larvae of Pyrausta
nubilalis (Hiibner). Nickels et al.
(1960) found that in Texas it at-
tacked the overwintering larvae of
Acrobasis caryae Grote. The egg
was usually deposited on the head
or thorax. Generally the puparium
was found within the host pupa.

It has been reported as a parasite
of the oriental fruit moth in On-
tario, New Jersey, and Maryland
(Garman 7918, Stearns 1928, Hae-
ussler 7930, Steenburgh 7931, Mec-
Connell 7932, Brunson and Allen
1948). N. floralis is only rarely a

arasite of the oriental fruit moth
in the Eastern United States.

At the Moorestown laboratory
only three individuals were reared
from the many thousands of larvae
collected. These were from Sodus,
N.Y., East Longmeadow, Mass., and
Cinnaminson, N.J.

Anachaetopsis tortricis
(Coquillett)

The distribution of Anachaetop-
sis tortricis, as reported by various
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authors, includes Ontario, New Jer-
sey, Pennsylvania, Delaware, In-
diana, Missouri, Washington, Ore-
gon, and California.

There are 12 recorded hosts, all
Lepidoptera whose larvae spend
most of their lives as casebearers or
concealed under webs, or in folded
leaves, seed heads, fruit, nuts, or
stems. Four of the hosts are ole-
threutids, two gelechiids, two tort-
ricids, and there is one each in the
families Coleophoridae, Phycitidae,
Psychidae, and Pyraustidae.
Among the recorded hosts com-
monly found near peach are Car-
pocapsa pomonella (Linnaeus),
Anarsia lineatella Zeller, and Ancy-
lis comptana fragariae (Walsh &
Riley). A. tortricis has been re-

orted as a parasite of the oriental

ruit moth in Ontario (Van Steen-
burgh 7935) and Missouri (Wingo
1941).

Scattered notes on the biology of
this species have been published.
Shaffner and Griswold (7934)
found that in the Northeastern
States there were at least two gen-
erations a year in 7hyridopteryx
ephemeraeformis (Haworth) and
only one individual issued from
each host. Dohanian (7942) ob-
served that in Washington and Ore-
Fon it normally overwintered in the
arvae of Melissopus latiferreanus
(Walsingham) and emerged from
the pupae. Beacher (1947) found
that it parasitized the overwinter-
ing generation of Coleophora mali-
vorella Riley and issued from the
pupae. Satterthwait and Swain
(1946) dissected gravid females and
found that mature eggs had one flat
and one strongly convex surface.
Apparently this species is not lar-
viparous. In Homoeosoma electel-
lum (Hulst) they observed that the
prominent, diverging spiracles of
the maturing larva protruded be-
neath the wing pads of the host
pupa. After the pupa was killed,
puparia were formed within the
host pupal case.

At the Moorestown laborator,
tortricis was reared from the ori-
ental fruit moth in peach twigs col-
lected in New York, Maryland, Vir-
ginia, Ohio, Indiana, Illinois, and
Missouri. Not one was reared from
over 75,000 oriental fruit moths col-
lected in New Jersey peach or-
chards. Sixty-seven percent of the
64 individuals reared issued from
collections made in Ohio and In-
diana. Parasitization by tortricis
in the latter was over 5 percent in
several collections, and in one col-
lection 10 percent of the 87 insects
reared were this species. It was
reared from 36 collections, 34 prop-
erties, 27 localities, and 26 counties,
which were, respectively, 0.7, 2.8, 4,
and 10 percent of the total surveyed.

Dichaetoneura leucoptera
Johnson

Dichaetoneura leucoptera is one
of a small group of tachinids in
which the apical cell is not closed or
narrowed at its apex. Published
records indicate a distribution in
Nova Scotia, Ontario, the New Eng-
land States, and New York. In
places it occurs as the dominant par-
asite of Awrchips cerasivoranus
(Fitch). Johnson (1916) reared
104 from six webs taken at Ben-
nington, Vt., but Hoffman (7936)
did not recover one from several
hundred of this host reared at St.
Paul, Minn., in 1932. Baird (1918)
noted that the larvae of A. cera-
stvoranus were parasitized in July
and the parasite became full grown
in about 3 weeks. He stated that
the tachinid issued from the larvae,
which might live for some time
thereafter, and that the puparia
were found in the nests of the
host or in the trash on the
ground. Adults from this genera-
tion emerged the same season and
were long lived.

Leonard (7920) found that in
Depressaria heracliane (Linnaeus)
the larva issued from the host pupa.
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Thompson (1953a) found that in 4.
cerasivoranus all larvae issued from
the host pupae and that they all
had an opening of an integumentary
funnel on the ventral aspect of the
last segment. Cast skins of first-
instar larvae embedded in the
funnel of mature larvae indicated
that this position had been estab-
lished early in the larval period.
The youngest first-instar larvae
found were of the “planidium”
type, which are usually ready to
hatch as soon as the eggs are laid.
Thompson (1953b) stated that
when an associate and he were
working with larvae of D. hera-
cliana and of A. cerasivoranus, re-
spectively, they found that in both
species first-instar larvae were lo-
cated in the hindgut, a habit nearly
unique in tachinids. By sectioning
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the specimens Thompson showed
that the larvae were established in
a pouch between the chitinous in-
tima and the epithelium of the gut,
and apparently they pushed their
funnels through the cuticle from
this location. According to Thomp-
son, the only host known, except
those named, is E'piblema strenu-
ana.

At the Moorestown laboratory
only one specimen was reared from
the oriental fruit moth. This was
obtained from larvae collected in
infested peach twigs taken on June
5, 1936, at Smithsburg, Md. The
host was positively identified from
an examination of its remains, and
the adult was identified by D. G.
Hall at the U.S. National Museum.
It emerged from a puparium
formed within the host pupa.

Braconidae

The Braconidae, a family of
Hymenoptera, includes several of
the most effective parasites of the
oriental fruit moth, as well as num-
erous other species of varying
abundance. Insofar as is known
braconids attack the oriental fruit
moth only as parasites of develop-

ing larvae. In the Braconidae the
third discoidal (fig. 2, 4) and sec-
ond apical cells of the forewing are
confluent. The first cubital and
first discoidal cells are usually sep-
arate. There is no articulation be-
tween the second and third abdom-
inal segments.

KEY TO GENERA OF BRACONIDAE ATTACKING ORIENTAL FRUIT MOTH LARVAE

1.

Abdomen with more than three visible tergites_.._________________________ 3
Abdomen ovate, with smoothly rounded apex and sides; not more than three
visible tergites___ ______________ . ___

2. Yellow; abdomen with three visible tergites_ .. ____________________ Phanerotoma
Black; abdomen with one visible tergite_____________________________ Ascogaster
3. Abdomen not petiolate_ .. __ ______ L _____ 4

Abdomen petiolate______________ ______________ o ______ Meteorus
5

. First cubital and first discoidal cells separated____________________________

First cubital and first discoidal cells confluent; radius close to and parallel to
posterior apical margin of stigma___________________________________ Agathis

. Usually more than 4 mm. long; terminal abscissa of radius well developed;

abdomen longer or larger than thorax__.________________________________
Usually less than 4 mm. long; blackish; terminal abscissa of radius absent or
represented by short spur or translucent fold; abdomen usually distinetly
smaller and shorter than thorax_______________________________________

6. Areolet present, although small and indistinctly closed at apex.________ Microgaster
Areolet absent_____ _______________ L _.__._._ Apanteles
7. Abdomen much more than twice as long as greatest width__________________ 8
Abdomen at most not much more than twice as long as greatest width__.____ Bracon
8. With only one cubital eell________________________________________ Eubadizon

With two cubital eells_ - _ _ .. Macrocentrus
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Meteorus trachynotus Viereck
(Fig. 1)

Meteorus trachynotus has become
well known as a widely distributed
and valuable North American
parasite of Choristoneura fumifer-
ana (Clemens), in which its para-
sitism has been studied by several
workers, including Dowden et al.
(1950) and McGugan (1955). Some
workers have noted that ¢rachyno-
tus attacks fourth-instar larvae of
this host and that it is more effective
in a declining than in a rising in-
festation. After the parasite issues,
C. fumiferana larvae survive for
several days but fail to pupate.
The overwintering host has not
been found.

Muesebeck et al. (1951) stated
that trachynotus occurs from Mas-
sachusetts to Florida, from British
Columbia to California, and in
Canada, Utah, and Louisiana. In
addition to C. fumiferana, it is a
primary parasite of several leaf
rollers and budworms of the fami-
lies Tortricidae and Olethreutidae,
including some common pests.

M. trachynotus was reared as an
occasional parasite of the oriental
fruit moth by Stearns and Neis-
wander (7930) in Ohio, Daniel
(7932) in New York, Merritt
(1933b) in Michigan, and Stearns
and Amos (1941) in Delaware.

At the Moorestown laboratory
four specimens—one each from
Ringgold, Md., and Vermilion,
Ohio, and two from Columbus,
Ohio—were reared from oriental
fruit moth larvae infesting peach
twigs. The host relationship was

F16URE 1.—Forewing of Meteorus trachy-
notus.

proved for two of the reared speci-
mens by examining the larval re-
mains. In one specimen the para-
site issued from the cocooned host
prepupa and formed a small white
cocoon.

Genus MACROCENTRUS

The genus Macrocentrus includes
four species parasitic on the oriental
fruit moth in the Eastern United
States. One is the dominant larval
parasite in much of this area; an-
other is frequently a dominant par-
asite for part of the season, partic-
ularly in midsummer; a third is
occasionally abundant; and the
fourth has been reared infre-
quently. The adults are delicate,
slender insects, largely ferruginous
to pale yellow, and about the size
and shape of mosquitoes. The
Macrocentrus species can be dis-
tinguished from the somewhat sim-
ilar Eubadizon pleurale Cresson
by the presence of two cubital cells
on the wings (figs. 2 and 4, 4).

Insofar as is known the biology
of the Macrocentrus species is sim-
ilar. However, they differ in the
species of hosts attacked. They are
exclusively primary parasites of
small Lepidoptera, attacking very
small to half-grown larvae. Their
common alternate hosts include
fruitworms, stem borers, and leaf
rollers found in crops and weeds
near peach orchards. They issue

from the larvae after they have co-

cooned and form parchment-tex-
tured ovoid cocoons, which are
usually dark brown, beside the host
remains. Only one parasite issues
from each host. Usually the life
cycle is well adjusted to that of the
host, which may have a variable
number of annual generations. The
Macrocentrus species overwinter as
first-instar larvae in hibernating
host larvae.
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KEY TO SPECIES OF MACROCENTRUS ATTACKING ORIENTAL FRUIT MOTH LARVAE
(Fig. 2)

1. First abdominal tergite appreciably depressed or excavated at base; spiracles
of first tergite nearer base than to each other; stigma usually more or less

brownish or infuseated____________._

First abdominal tergite not depressed or excavated at base; spiracles of first
tergite farther from base than from each other; stigma always uniformly

pale yellow________________________

________________________ delicatus Cress.

2. Length of first discoidal cell distinctly greater than that of first cubital cell;
stigma variable; palpi yellow or testaceous but not infuscated; nervulus post-

furcal at least nearly its own length

Length of first discoidal cell at most slightly greater than that of first cubital
cell; stigma brown and concolorous; palpi infuscated; nervulus postfurcal at

less than half its length_____________

______________________ pallister: DeGant

3. Nervulus postfurcal by distinctly less than its own length; stigma never con-
colorous, fuscous apically, pale at base; palpi testaceous__.____ ancylivorus Roh.
Nervulus postfurcal by about its own length; stigma usually concolorous,

brown; palpi pale yellow_________

Macrocentrus ancylivorus
Rohwer

(Figs. 2 and 3)

Macrocentrus ancylivorus was de-
scribed in 1923 (Rohwer 7923) after
it had been discovered to be a valu-
able parasite of Ancylis comptana
fragariae in New Jersey. By 1926
it was known to be a common para-
site of the oriental fruit moth in
southern Connecticut, southern
New Jersey, and eastern Pennsyl-
vania. Shortly thereafter it was
noted as a parasite of this host in
several peach-growing sections
along the Coastal Plain from Con-
necticut to Virginia. Several au-
thors assumed that a Macrocentrus
species described in the early rec-
ords as reared from the oriental
fruit moth was ancylivorus. How-
ever, the early survey work at the
Moorestown laboratory indicates
that this Macrocentrus species could
have been M. delicatus or M. in-
stabilis.

Muesebeck (7932) in his revision
of the genus in 1932 found that an-
cylivorus was distributed far be-
yond the area then known to be in-
fested by the oriental fruit moth,
and he identified specimens taken as
early as 1910. Careful search in all
areas of the world outside North
America infested by the oriental
fruit moth has failed to uncover any

629265 0—62——2

_________________________ instabilis Mues.

species closely resembling ancyli-
vorus. In 1942 (Dohanian 1942) it
was recorded as a common parasite
of Melissopus latiferreanus in
acorns in western Oregon and in
California, well removed from any
known infestations of the oriental
fruit moth. Thus the available evi-
dence indicates that this species is
North American and that it has
long been distributed transcontinen-
tally and from Massachusetts south
to Texas.

Its life history was described in
detail by several authors, notably
Fink (1926), Haeussler (1932), and
Daniel (7932). It is somewhat
similar to that of numerous other
Hymenoptera that attack the twig-
infesting larvae of the oriental fruit
moth. Adults mate soon after
emerging. They have a short pre-
ovipositional period of about 2 days
and a short life span averaging less
than 2 weeks in midsummer.
Daniel found that when well-fed
adults were maintained at 80° F.,
the females lived on an average for
12.5 days and the males for 10.7
days.

Haeussler observed that ancyl-
vorus attacked very young to nearly
mature larvae. In the field he
found them parasitizing oriental
fruit moth larvae during the day
and night.
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F1eURE 2.—A, Wings of Macrocentrus ancylivorus, showing first discoidal cell (d 1),

third discoidal cell (d 3), first cubital cell (¢), and recurrent vein (7).
O, Section of forewing of M. pallisteri.

forewing of M. delicatus.
wing of M. instabilis.

E, First tergite of M. delicatus.

B, Section of
D, Section of fore-
F, First tergite of M. ancyli-

vorus, showing impressed area (i) and spiracle (8).

Several workers observed that
ovipositing females were stimulated
by the frass of the host. Daniel
stated that the newly deposited egg
(fig. 8, 4) was only 0.08 mm. long
and elliptical and had a round, slen-
der anterior end. The egg contain-
ing the embryo and ready to hatch
(fig. 3, B) was spherical and much
larger. The first-instar larva has a
flattened, heavily-sclerotized head
and three prominent curved proc-
esses on the anal segment (fig. 3, ).
He observed four larval instars.
The larva develops at a rate deter-
mined by that of the host and ma-
tures when it cocoons, issuing and
forming a cocoon within that of the
host. The cocoon is closely woven,
shining, and wusually mahogany
brown. It has nearly parallel sides
and rounded ends, forming a rather
elongated ovoid. Emergence oc-
curs through a circular cap severed

er

ap C

FI1GURE 3.—Macrocentrus ancylivorus:
A, Newly laid egg; B, egg containing
embryo and ready to hatch; C, first-
instar larva, showing head (h), anal
process (a p), and evaginated rectum
(er). (Redrawn from Daniel (1932).)



PARASITES OF THE ORIENTAL FRUIT MOTH 17

from the anterior end. In the
oriental fruit moth at optimum tem-
peratures the period from egg to
adult for ancylivorus is about 1
month.

Muesebeck et al. (19571) and
Krombein et al. (1958) listed 14
hosts of ancylivorus. They are
small Lepidoptera whose larvae live
in a protected environment, princi-
pally as stem borers, fruitworms, or
leaf rollers. Seven of these hosts
are olethreutids, two gelechiids, two
phycitids, and one each in the fami-
lies Phaloniidae and Tortricidae.
Probably the strain or strains that
attack some of these hosts are bio-
logically distinct from the strain
commonly parasitic on the oriental
fruit moth and 4. comptana fra-
gariae. Several of the hosts are
crop pests, but apparently ancyli-
vorus is an important parasite only
of the two hosts named.

Epiblema strenuana and A. comp-
tana fragariae serve as reservoirs
of ancylivorus near peach orchards.
The rate of parasitization of Z.
strenuana by ancylivorus is low
(Allen and Lott 71930, Pepper and
Driggers 1934, Haden 1935, Bobb
1942). However, the enormous
populations of this host in ragweed
(Ambrosia), which is almost always
abundant in and about peach orch-
ards, make Z. strenuana an impor-
tant reservoir of this parasite. A.
comptana fragariae not only infests
cultivated strawberry (Fragaria),
raspberry (Rubus), and blackberry
(Rubus) but maintains large popu-
lations in several species of Rosa-
ceae, particularly in wild black-
berries and dewberries (Rubdus).
These populations are usually heav-
ily parasitized by ancylivorus and
serve as an important reservoir of
this parasite. They commonly oc-
cur near peach orchards (Allen
1945).

Although some of the Macrocen-
trus parasites first reared from the
oriental fruit moth may have been

M. delicatus or M. instabilis, those
reared at Washington, D.C., in 1917
(Wood and Selkregg 1918) and by
Garman in the same year at College
Park, Md., (Garman 1918) were
probably ancylivorus. The first
published report of this species in
the oriental fruit moth was by Gar-
man (1926) in 1925 from Walling-
ford, Conn. Subsequently there
have been hundreds of published re-
ports on its abundance in this host
from Massachusetts west to Kan-
sas and south to Georgia.

In 1928 Daniel (17928) reported
on liberations of ancylivorus in
orchards in Niagara County, N.Y.,
and Steenburgh (7930b) reported
on liberations started in Ontario in
1929. Both obtained parasites from
parasitized A. comptana fragariae
collected in New Jersey. Between
1929 and 1935 Allen et al. (1940)
at Moorestown, N.J ., in cooperation
with entomologists of several State
agencies carried out an extensive
program of releasing this parasite.
Numerous recovery records show
that this effort was highly success-
ful, and very shortly the parasite
was well established in scores of
districts where it had not previously
occurred as a parasite of the
oriental fruit moth. Steenburgh
(1930b) reported a dispersion, from
his initial colonization during the
season liberated, over an area of at
least 35 square miles. Others ob-
served a similar dispersion.

There have been some differences
of opinion on the value of coloniz-
ing ancylivorus. Many of the claims
of benefits have been based on cur-
sory observations. However, there
have also been a few detailed stud-
ies. Daniel (7936) showed that
in Niagara County, N.Y., parasit-
ism, due to the introduction of an-
cylivorus, increased steadily from
1928 to 1933, and during the same

eriod injury to peaches decreased
rom 18,900 injured fruits per acre
in 1929 to 4,500 in 1933. Yetter and
Allen (1940) and Allen (1943),
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reporting on a 3-year study of 51
orchards in 11 districts, showed that
orchards with heavy parasitism,
mainly by encylivorus, had less in-
jury than orchards with lower
parasitism. Boyce (1947a),in sum-
marizing the parasitism of the ori-
ental fruit moth in Ontario from
1929 to 1946, observed that control
had greatly improved, because an-
cylivorus was added to the parasite
complex and principally because of
its increased parasitism during the
first generation of the oriental fruit
moth. :

Efforts to establish ancylivorus
obtained from Moorestown on the
oriental fruit moth in countries out-
side North America have been re-
ported by Allen and Haeussler
(1932) for France, Grandi (1933)
for Italy, Ishii (7940) for Japan,
Lopez-Cristobal (1941) for Argen-
tina, and Helson (1947) for Aus-
tralia. So far as 1s known to the
author no foreign colonization has
been permanently successful.

The literature is extensive on the
mass production of ancylivorus.
During the 1930’s adult parasites
were obtained by methods described
by Allen et al. (1940) from larvae
of A. comptana fragariae collected
in strawberry fields or from large
field breeding cages over straw-
berry. They were also obtained by
exposing to breeding females in
ovipositing cages either peach
twigs or apple slices infested with
small oriental fruit moth larvae
(Daniel et al. 71933, Garman 1933a).
All these methods were laborious,
expensive, or failed to produce dur-
ing the entire season an abundance
of parasites suitable for release.

n 1944 Finney et al. (1944) re-
ported a remarkably successful
method utilizing Gnorimoschema
operculella (Zeller) as a host. This
method made the continuous rear-
ing of unlimited numbers possible
and enormously decreased the cost
of obtaining supplies of the para-
site. The metho<£ with several re-

finements by other workers, was
more fully described in 1947 (Fin-
ney et al. 1947).

Brunson (7940) reported that
mass liberations of ancylivorus in
orchards where it already occurred
would reduce fruit injury. Allen
(1948) reported an average reduc-
tion of 50 percent in fruit injury
after similar liberations in 100 to
140 acres of peach trees each year
for 10 years. Brunson and Allen
(19564) in a control program showed
that mass liberations of ancylivorus
in combination with a reduced num-
ber of spray applications were as
effective as a larger number of
spray applications without the
parasites.

Numerous other reports have
been made on the economic use of
ancylivorus. Marvin (1945) found
that ancylivorus originating from
A. comptana fragariae parasitized
oriental fruit moths on peach trees
as effectively as those originating
from parasitized peach twigs. M.
ancylivorus tends to produce an
undesirable excess of males when it
is reared in confinement. Among
the numerous articles discussing sex
ratios are those of Garman and
Schread (1931), Holloway (1934),
Flanders (1945), and Martin and
Finney (1946).

The breeding of vigorous ancy-
livorus parasites from @. opercu-
lella has been hampered by infec-
tions of the protozoan Nosema
destructor S. & H., which occurs in
G. operculella and ancylivorus
reared from it. This nosema dis-
ease was first noted by Allen and
Brunson (1945). McCoy (1947)
developed a control for it by start-
ing G. operculella cultures with
disease-free eggs. At the Moores-
town laboratory it was more readily
controlled by heating the unin-
cubated eggs (Allen and Brunson
1947, Allen 1945a).

The effects of the newer organic
insecticides on ancylivorus have



PARASITES OF THE ORIENTAL FRUIT MOTH 19

been studied by Peterson (7946),
Rings and Weaver (1948), Pielou
(1951), Pielou and Glasser (1952),
and Allen (1957, 1958). Since
mass production of ancylivorus is
easy and the adult is highly sensi-
tive to small amounts of the new
organic insecticides, this parasite
has been used in bioassay (Fleming
et al. 1951).

As shown in table 3, ancylivorus
was by far the most abundant
larval parasite of the oriental fruit
moth in the Eastern States. In
table 4 the yearly abundance of
ancylivorus is summarized, based
on data obtained when the parasite
was reared from infested peach
twigs collected from 1930 to 1947.
The first extensive liberations were
made in 1930 and were continued
by State or Federal agencies
throughout the period of this sur-
vey. Data in this table are based
on records from 138 counties, rep-
resenting most sections in the East-
ern United States where peaches
are produced commercially.

At the beginning of these obser-
vations ancylivorus was unquestion-
ably the dominant parasite only in
the five New Jersey and two Dela-
ware counties surveyed. Before
liberations were begun it was ab-
sent or present only in limited num-
bers in the others. In some widely
scattered counties such as Niagara,
N.Y., Augusta, Va., Ottawa, Ohio,
and Knox, Ind., this parasite be-
came dominant from the first year
of liberation. In others, several
years passed before ancylivorus be-
came dominant, and in some coun-
ties such as York, S.C,, it failed to
become established for many years
after the first liberation.

In the survey the percent of
counties in which ancylivorus was
dominant increased steadily from
16 in 1930 to 68 in 1940-47. The
percent of counties where it was not
recovered decreased gradually from
51 in 1930 to 24 in 1940-47. At the

conclusion of the survey in the
middle 1940’s there were still
numerous counties in the Missis-
sippi Valley from Ohio to Loui-
siana where ancylivorve was ap-
parently absent as a parasite of the
oriental fruit moth, or it was pres-
ent only in small numbers.

Macrocentrus delicatus Cresson
(Fig.2)

Macrocentrus delicatus is a North
American species. According ‘to
Muesebeck et al. (1957) and Krom-
bein et al. (1958) it occurs from
Quebec to Florida and west to Mani-
toba and Texas. It is moderately
polyphagous. The hosts listed by
Muesebeck include seven olethreu-
tids and one each of the families
Pyraustidae, Gelechiidae, Phyciti-
dae, Epipaschiidae, and Phalaeni-
dae. oos and Hetrick (1945)
reared it from Zetralopha scortealis
(Lederer), another epipaschiid.
The hosts are small Lepidoptera
that feed in protected locations.
They are stem and fruit borers, bud
moths, fireworms, and webworms.
The species has frequently been con-
fused with others. This is obviously
the reason that Muesebeck did not
recognize all the published host re-
cords or the entire distribution area
given in these records.

The life history of this parasite
was never studied in detail, but it is
certainly similar to that of Macro-
centrus ancylivorus, with which it
is frequently associated. M. delica-
tus attacks the larva. It completes
its development when its host has
cocooned, issues from the cocooned
larva, one to each host, and spins its
cocoon within that of the host. It
overwinters as a small larva within
the hibernating host larva.

M. delicatus has been reared more
frequently from the oriental fruit
moth than from any indigenous
host. It has been reported as a
parasite of this host from Ontario
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State and county
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State and county

1930

1931

1932

1933

1934
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1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946
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TaBLE 4.—Status of Macrocentrus ancylivorus as a larval parasite of the oriental fruit moth as determined at
Moorestown, N.J., from infested peach twigs collected in 138 counties, 1930-47 *—Continued

State and county 1930{1931(1932(1933|1934(1935|1936(1937|1938{1939({1940|1941{1942(1943|1944(1945(1946|1947
Missouri—Continued
Dunklin___________________________ e e A A A A e e P o]
Jefferson_ _ _ ____ ___________________ e e et A A A e e e P
Lawrence_____ _____________________ JEUSUUS AR SRR FRURPR ' W FER (R I A || e e A |
St. Lowis_ __ _______________________ e AP A e e e e e e e Do
Scott _ - _ o ______ ol A JA A A A A D ||| e m e oo
Arkansas:
Benton____________________________ JEURURUS SRR - N . N FUURURONY IRUUURU N - (RN U RN PN USRI PPN PRSP FRPIUp IS E
€€ e o)) P P ) S PR INUUDNY INPDNUNS FEUUUUU SRS (ORI R SRS
Washington________________________ U A | A || A oo oo e e e e -
Louisiana:
Morehouse . _ - _____________________ e e e e e e A A A ofeao|eeo | A o] A
Mississippi:
Washington________________________ SRS U NSNS U RO SN SN RSUUPRN SRR SRR PP PR PR B W - W - U PR R
1940-47
Counties______________________ number__| 45 | 71 | 74 | 75 | 92 | 74 | 81 | 92 | 89 | 51 252
Ps_ o ___ percent__| 33 [ 23 | 19 | 25| 14 | 24 | 18 | 14 | 19 | 18 8
As_ . do____| 51 |52 | 58|48 |50 (39| 51|48 | 32| 39 24
D’s_ o ___ do.___| 16| 25| 23|27 |36 |37 |31 |38]| 49 | 43 68

1 P=M. ancylivorus present in one or more collections but not dominant; A=absent from all collections; D=dominant in one or

more collections.

2 Based on counties where there were observations previous to 1939.
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(Smith 7929, Putnam 1935a), Con-
necticut (Garman 7930a, Schread et
al. 1942), New York (Daniel 1932),
New Jersey (Driggers 1929, 1930a,
Haeussler 17930, Brunson 1940),
Delaware (Stearns and Williams
1931, Rice 1935, Stearns and Amos
1941), Maryland (McConnell 1932,
193}), Virginia (Bobb 1939, 1942),
South Carolina (Eddy and Nettles
1931, Cartwright 1935, 1938, 1939,
1940, 1945), Ohio (Stearns and
Neiswander 7930, Neiswander and
Vogel 1931, 1933, Blackburn 198,
Weaver 1949), Michigan (Merritt
1933b), Tennessee (Butler 7932,
1933), and Missouri (Wingo 1941).
M. delicatus occurred rather regu-
larly as the dominant parasite of the
oriental fruit moth during the
1930’s in some peach-growing sec-
tions of southern Ohio (Stearns and
Neiswander 7930), Tennessee (But-
ler 1932, 1933), and South Carolina
(Cartwright 1938). Several au-
thors observed that parasitism of
the oriental fruit moth by this
species was high only during the
second generation.

Weaver (1949) reported that in
central and southern Ohio parasit-
ism of the oriental fruit moth by
delicatus is gradually decreasing
where J/. ancylivorus 1s increasing.
Boyce and Dustan (795}) found
that since DDT and parathion have
been commonly used in Ontario
orchards, delicatus has steadily in-
creased its parasitism of the oriental
fruit moth in Essex County. M.
delicatus was exported from the
United States to Italy in 1935 and
liberated against this host there
(Grandi 1937).

M. delicatus occurs as a common
parasite of the extremely abundant
Epiblema strenuana in ragweed,
which is almost always present in
or near peach orchards. This al-
ternate host has been reported from
New Jersey (Allen and Lott 1930),
Maryland (McConnell 1932), South
Carolina (Nettles 1932, Cartwright
1935), Indiana (Montgomery 1933),

25

Ontario (Putnam 1935a), Iowa
(Decker 1935), Delaware (Rice
1935), and Virginia (Bobb 19,2).
Schread et al. (7942) rarely found
it as a parasite of £. strenuana in
Connecticut, but Putnam found it
abundant in that host in Ontario,
where it was only a minor parasite
of the oriental fruit moth.

There are no published records
of the mass propagation of delica-
tus. The material for the few small
attempts at colonization was ob-
tained from collections of infested
peach twigs or from F. strenuana
in ragweed. Driggers (1930a)
thought that he had been able to in-
crease parasitism slightly by small
liberations of delicatus. He also ob-
served that delicatus, which formed
cocoons in the fall, failed to over-
winter.

The data at the Moorestown lab-
oratory indicate that delicatus is the
second most abundant parasite in
oriental fruit moth larvae (table 3).
It wasreared from practically every
State surveyed. Although parasit-
ism by this species was generally
rather low, in some counties it has
been for many years the dominant
parasite, often destroying 50 per-
cent or more of the oriental fruit
moth population. Its center of
abundance appears to be central and
southern Ohio, eastern Tennessee,
and southern Indiana. In Ohio,
despite the inclusion of several
northern counties of low delicatus
parasitism in the totals, the average
parasitization by delicatus was 22.6
percent, and it was reared from 39
percent of all collections.

M. delicatus was usually absent or
scarce during the first generation of
the oriental fruit moth, but it be-
came abruptly abundant during the
second. However, it was some-
times reared in large numbers from
late first-generation host larvae col-
lected in late June. In 1940 at
Moorestown several orchards were
studied throughout the period when
peach twigs were succulent. The
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study was made by taking collec-
tions at 4-day intervals. In most of
these orchards the peak of delicatus
arasitism was from middle to late
une at the end of the first genera-
tion.

M. delicatus was reared in 1930
from first-generation £. strenuana
collected from East Longmeadow,
Mass., Cinnaminson and Moores-
town, N.J., Chambersburg, Coates-
ville, Greensburg, and York, Pa.,
Columbus, St. Clairsville, Spring-
field, and Zanesville, Ohio, and In-
dianapolis, Ind. In 1932 it was
reared from the first generation col-
lected at Cheswold, Del., and Berlin,
Md., and from an overwintering
generation collected at Moorestown.
It was not reared from other alter-
nate hosts studied.

In 1929 and 1930 experimental
propagation of delicatus was at-
tempted at Moorestown. When the
oriental fruit moth was used as a

ropagation host, either in succu-
ent peach twigs or slices of green
apple, parasitism was heavy (60-70
percent), and the parasite was as
easily propagated as was M. ancyli-
vorus. However, there was a strong
tendency for delicatus when prop-
agated In the oriental fruit moth
in late summer to develop preco-
ciously to the cocoon stage during
hibernation. Very few that de-
veloped to cocoons at such a period
coulg be successfully overwintered.
From 5,207 oriental fruit moth
cocoons reared in the propagation
tests and carried overwinter, 1,178
delicatus adults were obtained. In
1944 an unsuccessful attempt was
made to propagate delicatus in
Gnorimoschema operculella. From
one lot stocked with 43 females, 4
delicatus females and 1 male were
reared.

Macrocentrus instabilis
Muesebeck

(Fig. 2)

The Macrocentrus species reared
from the oriental fruit moth in New

Jersey (Driggers 7929) and men-
tioned by Haeussler (1930) as oc-
curring 1n this host in New Jersey,
Ontario, and Virginia was de-
scribed by Muesebeck (1932) as
Macrocentrus  laspeyresiae, and
later he (7935) listed it as synony-
mous with Macrocenirus instabilis.
Muesebeck et al. (71957) and Krom-
bein et al. (1958) stated that insta-
bilis occurs from New York and
Ohio to Florida and Texas and is
in Washington. They listed 12
hosts, including the oriental fruit
moth. According to these records
instabilis is exclusively a primary
parasite of small Lepidoptera whose
larvae are concealed as fruitworms,
stem borers, casebearers, or leaf
skeletonizers. Six of the hosts are
phycitids of the genus Acrobasis.
The others are scattered in the fam-

ilies Olethreutidae, Coleophoridae,

and Cosmopterygidae. Most are
insect pests. Boyce (1947b) in On-
tario and Jaynes and Marucci
(1947) in West Virginia found in-
stabilis unimportant as a parasite
of Carpocapsa pomonella. Other
records of its parasitism of the ori-
ental fruit moth include those by
Butler (7933) from Tennessee and
Wingo (1941) from Missouri.

Nickels et al. (1950) reported
that in Texas it was a common para-
site of Acrobasis caryae, with an
average parasitization of about 1.5
percent of overwintering larvae, 4.3
percent of the first generation, and
2.8 percent of later transforming
generations. During the summer
the period from oviposition to ma-
ture larvae required about 21 days
and from oviposition to emergence
28 to 36 days. Females outnum-
bered males 142 to 103. Mating oc-
curred within 2 days of emergence.
Full-grown larvae issued from full-
grown host larvae or pupae. Sec-
ond- and third-instar larvae were
usually selected for oviposition, and
only one adult emerged from each
host.
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Based on the rearing studies at
the Moorestown laboratory, insta-
bilis occurred as a parasite of the
oriental fruit moth in Massachu-
setts, Connecticut, New York, New
Jersey, Pennsylvania, Maryland,
Virginia, West Virginia, North
Carolina, South Carolina, Georgia,
Ohio, Kentucky, Tennessee, In-
diana, Michigan, Illinois, Missouri,
and Arkansas, and it was about the
sixth most abundant larval para-
site. Although rarely the dominant
parasite of the oriental fruit moth,
it occasionally parasitized more
than half of the larvae. It was
most abundant in Ohio, Tennessee,
Illinois, and New York, where it
occurred, respectively, in 13, 12, 10,
and 9 percent of all the collections
and parasitized 5.9, 8.3, 5.9, and
5.1 percent in the collections where
it was present.

Macrocentrus pallisteri DeGant
(Fig. 2)

Muesebeck et al. (1951) summar-
ized distributional and rearing rec-
ords of Macrocentrus pallisters.
They cited its occurrence from Mas-
sachusetts and eastern Canada to
Missouri and Kansas and in Cali-
fornia and Texas, to which Krom-
bein et al. (7958) added Florida.
The host records include the ori-
ental fruit moth and three other
olethreutid stem borers commonly
infesting weeds near peach or-
chards, namely E'piblema otiosana,
E. scudderiana, and E. strenuana.
Wingo (1941) listed it as a parasite
of the oriental fruit moth in Mis-
souri.

From the quarter million insects
emerging from the field-collected
oriental fruit moths reared at the
Moorestown laboratory, six pallis-
teri specimens were identified.
These were obtained from Avon
Lake and South Amherst, Ohio, in
1930, Benton, Ill., in 1936, Cape
Girardeau, Mo., in 1934, and Jack-

son, Mo., in 1936 and 1938. In 1936
the host relationship was positively
confirmed for the specimens from
Benton and Jackson by an exami-
nation of host remains. Although
pallisters is an uncommon parasite -
of the oriental fruit moth, it so
closely resembles Macrocentrus
ancylivorus that probably some
specimens have been erroneously
credited to that species.

In 1930 and 1932 numerous pal-
listeri parasites were reared at the
Moorestown laboratory from Z.
scudderiana, a common gall-form-
ing borer of goldenrod (Solidago).
Although this alternate host is
usually abundant near peach or-
chards, there seems to be no record
of the rearing of pallisteri from
oriental fruit moths in the Eastern
and Southern States.

Eubadizon pleurale Cresson
(Fig. 4)

The Eubadizon pleurale adult is
a slender wasp resembling the
species of Macrocentrus that are
parasitic on the oriental fruit moth.
It is readily separated from them
by the presence of only one cubital
cell (fig. 4, 4). It also differs from
the American species of Macrocen-
trus that parasitize this host in
having a conspicuous black head
and abdomen.

Muesebeck et al. (1951) and
Krombein et al. (7958) found this
species distributed from Quebec,

ntario, Alberta, and Idaho to Flor-
ida. They listed only three hosts,
all olethreutids—the oriental fruit
moth, Carpocapsa pomonella, and
Aneylis comptana fragariae. Ap-
parently it is rarely present in the
last two. In C. pomonella it was
reared only once by Jaynes and
Marucei (1947) from West Vir-
ginia. Although thousands of field-
collected specimens of A. comptana
fragariae were reared at the Moores-
town laboratory, pleurale was never
recovered from them.
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F1eure 4.—Forewings of braconid parasites of the oriental fruit moth: A, Bubadizon
pleurale; B, Agathis diversa; O, Apanteles epinotiae; D, Microgaster ecdytolophae.

Stearns (7919) reported rearing
Eubadizon  gracilis Provancher
from the oriental fruit moth in east-
ern Virginia in 1919. Between then
and 1930 various workers reported
rearing Fubadizon from this host.
In New Jersey it was reared by
Stearns (1927, 1928), Driggers
((_)1929)’ and Haeussler (19305, in

ntario by Smith (7929), in Geor-
gia by Snapp and Swingle (1.929;,
in Connecticut by Garman (1930a),
and in Ohio by Stearns and Neis-
wander (7930). These parasites
were variously identified as Fubad;-
zon sp., E. gracilis, and E. pleuralis,
but they were almost certainly all
the same species now identified as
pleurale. The oriental fruit moth
was the earliest known host and has
always been the only one from
which pleurale was commonly
reared. In addition to the records
mentioned above, it was reared from
this host in New York (Daniel
1932) , Maryland (McConnell 7932),
Tennessee (Butler 7933), Missouri
(Wingo 1940), and Delaware
(Stearns and Amos 7947). Stearns
reared only one specimen in Dela-
ware. Daniel found it a fairly com-
mon oriental fruit moth parasite in
Niagara County, N.Y. Garman
(1940) listed it among the five most

important parasites in Connecticut,
ang Wingo (1941) stated that it was
among the four most abundant in
Missouri.

In the studies made at the
Moorestown laboratory pleurale
was found to be a broadly distrib-
uted parasite of the oriental fruit
moth, occurring in 17 States from
Massachusetts to Illinois and south
to Georgia, Tennessee, and Mis-
sourl. It was rated as about the
seventh most abundant larval para-
site (table 3). In the collections
where this parasite was present, it
parasitized on an average 4.2 per-
cent of the larvae. On the same
basis the parasitization by this
species in collections from New
York, Missouri, and Indiana were
144, 12.3, and 6.7 percent and in
those from New Jersey and Dela-
ware only 0.5 and 0.4 percent, re-
spectively. Rates of parasitization
in excess of 20 percent were com-
mon in three counties in south-
eastern New York, seven counties in
southern Indiana and northwestern
Kentucky, and scattered counties in
Missouri. The high rates occurred
almost exclusively from late June
to late July.

Very little about the biology of
pleurale is known. It apparently
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attacks larvae in their tunnels in
peach twigs. The full-grown para-
sites issue from the host larvae after
they have formed their cocoons, and
the parasite cocoon is spun beside
the host remains. The cocoon is
light brown to white, with thin,
flexible, translucent walls. It is
sometimes embedded in a small
amount of woolly silk. On emerg-
ing, the parasite roughly chews
away the entire anterior end.

Genus AGATHIS

Five species of Agathis have been
reared as parasites of the oriental
fruit moth. Three are native
species recovered from this host
only occasionally, and two are in-

troduced species, which have been
recovered in restricted areas.

The species of Agathis differ
from other parasites of the oriental
fruit moth in having the radius
close to and parallel to the posterior
apical margin of the stigma (fig. 4,
B). The adults are clumsy and
rather sluggish. They attack young
larvae and emerge from cocooned
larvae, spinning their white cocoons
within the cocoon of the host. In
one species unfertilized females
produce females, and males occur
rarely and are probably not func-
tional. The ovipositor is relatively
long. The Agathis species com-
monly attack oriental fruit moth
larvae in fruit, as well as those in

twigs.

KEY TO SPECIES OF AGATHIS ATTACKING ORIENTAL FRUIT MOTH LARVAE
(Adapted from Muesebeck (1927))

1. Head, thorax, and coxae not entirely black or piceous___ __________________ 2
Head, thorax, and hindcoxae black or piceous___ _________________________
2. Propodeum with two conspicuous medial carinae; second abdominal tergite
more or less ferruginous; males common______________________ rubripes Cress.
Propodeum without paired medial carinae; second abdominal tergite black;
males rare_ ______________________________________________. diversa (Mues.)
3. Temples without tuberculate bulge; propodeum without longitudinal carinae.. 4
Temples with prominent or rounded tubercle; propodeum with two medial
longitudinal carinae____________________________________ annulipes (Cress.)
4. First abdominal tergite somewhat flattened, conspicuously shagreened,
scarcely twice as long as apical width; second segment ferruginous_cincta (Cress.)
First abdominal tergite arched, more or less aciculate, more than twice as long

as apical width; second segment yellowish white_______________ festiva Mues.

Agathis annulipes (Cresson)

Muesebeck et al. (19567) and
Krombein et al. (7958) stated that
Agathis annulipes occurs from
Quebec to Florida and west to
South Dakota and Kansas. They
listed as hosts 10 Lepidoptera
whose larvae are small and live as
borers or leaf rollers in a sheltered
environment. They are mostly
olethreutids or tortricids, but one
gelechiid and one phycitid were
also listed as hosts. Wingo (1940)
reported having reared annulipes
from the oriental fruit moth in
Missouri.

At the Moorestown laboratory
only three specimens were reared
from oriental fruit moth larvae col-
lected in peach twigs—one each
from Clemson, S.C., Newton, Ohio,
and Linton, Ind. All were reared
from lots in which the oriental fruit
moth was the only host reared, and
the host of the Ohio specimen was
proved by examination of the host
remains. All three were deter-
mined by Muesebeck.

Agathis cincta (Cresson)

Muesebeck et al. (1951) stated
that Agathis cincta occurs from
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Quebec to Florida, west to South
Dakota and Kansas, and in Oregon.
In the catalog by Muesebeck et al.
(19561) and its supplement by
Krombein et al. (1958), 17 species
of small Lepidoptera are listed as
hosts, of which 8 are parasites of
casebearers of the genus Coleo-
phora, 4 hosts are gelechiids, 3 are
tortricids, 1 is a phyecitid, and 1 is
an olethreutid, the oriental fruit
moth. A. cincta was recorded by
McConnell (7932) as a parasite of
oriental fruit moth larvae in Mary-
land and by Merritt (1933b) as
having been reared from this host
in Michigan.

Although c¢incta was reared at
the Moorestown laboratory more
frequently as a parasite of the
oriental fruit moth than any other
indigenous species of Agathis, para-
sitism by the species was uncom-
mon. In over a quarter million
insects reared, 16 were parasitized
by this species. No collection pro-
duced more than one specimen. 4.
cincta was reared as a parasite of
this host from the following 12
counties: Burlington and Mercer,
N.J., Rockingham, Va., Cuyahoga,
Franklin, Knox, Ottawa, and Rich-
land, Ohio, Floyd and Martin, Ind.,
Pulaski, Ill., and Jefferson, Mo.

Agathis rubripes Cresson

Muesebeck et al. (1951) listed
Agathis rubripes as a parasite of
Coleophora cratipennella Clemens
and the oriental fruit moth. It
must be exceptionally rare as a
parasite of the latter, since among
the many hundreds of thousands of
specimens collected and reared by
workers in the Eastern States,
there seems to be only one record of
rearing it from this host. Daniel
(1932) reared a single specimen
from larvae collected in Niagara
County, N.Y.,, in 1930. He ex-
plained that the host material was
not isolated before emergence, and

there was no identification with host
remains. This species was never
reared as a parasite of the oriental
fruit moth at the Moorestown
laboratory.

Agathis diversa (Muesebeck)
. (Fig. 4)

Agathis diversa was discovered
in 1932 by Haeussler (1'.940f) during
his explorations in Japan for para-
sites of the oriental fruit moth. He
observed that it was a solitary para-
site and formed its cocoon within
the cocoon of the host. He was
able to propagate it when young
oriental fruit moth larvae just
under the skin of whole apples were
exposed to it. He found that this
parasite hibernated readily in the
cocoons of this host and that un-
fertilized females produced only
females. The parasite was found
in only two prefectures, which were
located on the island of Honshu.
During 1933 and 1934 only 134
were reared from field collections.

At the Moorestown laboratory
diversa was readily propagated on
the oriental fruit moth by exposing
either succulent peach twigs or
slices of immature apple heavily in-
fested with young larvae (Allen et
al. 1940). Among the many thou-
sands propagated, a male was oc-
casionally found. From 1934 to
1939 about 48,500 diversa adults
were propagated at the Moorestown
laboratory and released in numer-
ous colonies in the peach-growing
areas of the Eastern States. In
1934 Garman (1936) started prop-
agating diversa for release in Con-
necticut. During the 1930’s and
early 1940’s 82,000 were released in
Connecticut orchards (Garman et
al. 1953).

A. diwersa was recovered regu-
larly from infested peach twigs col-
lected after liberation near where it
was released, and 20-percent para-
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sitization by this species in such
collections was not uncommon.
However, in most localities it was
not recovered from infested peach
twigs during the year following
liberation or subsequently. The
single exception observed by the
author was at Leslie, Mich., where
a few were recovered in 1939 from
an orchard that had received
diversa in 1937. Garman et al.
(1940) noted similar results in Con-
necticut, but observed at least one
instance when déiversa persisted in
an orchard as a parasite of the
oriental fruit moth in peach twigs
for 3 years. Allen and Yetter
(1949) found in 1947, 8 years after
the last colonization, that it had be-
come established in Burlington
County, N.J., as a parasite of the
oriental fruit moth attacking very
late peaches, but it did not occur in
transforming oriental fruit moths
reared from peach twigs and im-
mature peaches or in hibernating
oriental fruit moths in apple drops.

Agathis festiva Muesebeck

Agathis festiva, which Krombein
et al. (1958) stated occurs in China
and India, is now probably estab-
lished locally in New York.

In January 1951, 11 females and
2 males were received at the Moores-
town laboratory from S. E. Flan-
ders of the Citrus Experiment
Station at Riverside, Calif. He?
stated that they emerged in Cali-
fornia from a shipment of Carpo-
capsa, pomonella cocoons originat-
ing in Tsinan, Shantung, China,
where they were obtained from in-
fested pears and apples and reared
and shipped to him. Flanders
stated that the host adults, number-
ing 1,000-2,000, were not all
checked, and several species of
Lepidoptera may have been pres-

? Personal communication dated Feb. 2,
1955.
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ent. These could readily have in-
cluded some oriental fruit moths.

At the Moorestown laboratory
the 11 females and 2 males were
immediately placed in a suitable
cage with small green apples heav-
ily infested with young oriental
fruit moth larvae. Evidently the
males were impotent, because in
the 240 progeny reared only males
were obtained. On February 1 and
2 the two surviving females were
mated with their earliest emerging
male progeny. These nearly spent
females, which mated so late in life,
produced most unexpectedly 44 fe-
male progeny. This was the nu-
cleus of subsequent propagation.

From 1951 to 1955, inclusive, the
annual propagation of festiva at
Moorestown ranged from 19,000 to
50,000 adults. During this 5-year
period 162,000 were produced, of
which 49.8 percent were females.
Since the propagation ratios were
relatively low and standby rearing
was maintained throughout the
year, the numbers available for lib-
eration during the season favorable
for release were less than half the
total produced.

The method used in propagating
was a modification of that described
for Agathis diversa (Allen et al.
1940). Host eggs were obtained on
whole mature apples impaled on
spikes, closely set on small plat-
forms, which had been exposed to
cages of ovipositing oriental fruit
moths. As soon as the hatching
larvae penetrated the apple and
frass was visible, the platforms
were exposed to ovipositing para-
sites. The infested apples were
then removed and mixed with suit-
able amounts of fresh uninfested
apple. Better results were obtained
with whole than with sliced apples.

Liberations were made from 1951
to 1955, inclusive, in the 8 States,
28 counties, and 88 localities listed
below. Since there is now a higher
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seasonal average of oriental fruit
moth infestation in unsprayed
agple orchards than in peach, most
of the liberations, particularly dur-

Connecticut:
Fairfield : New Canaan ’52

ing the last 3 years, were in
abandoned apple orchards. The
liberations were made at the follow-
ing places:

Hartford: South Glastonbury ’52, South Windsor ’52, West Hartford ’55
Middlesex : Chester 52, West Rocky Hill ’55

New Haven : Guilford 55, Seymour ’55

New London: East Lyme ’55, Flanders Village ’52, Montville ’52

New York:
Monroe : Adams Basin ’55
Niagara : Newfane ’55, Somerset '55

Orange : Middle Hope '53, ’55, Vail's Gate ’53, ’55

Orleans : Albion 55

Ulster: Ardonia ’53, Highland ’55, Lattintown ’53, 55, Marlboro ’53, ’55

Wayne: Sodus ’55

New Jersey:
Atlantic : Hammonton 51
Burlington : 17 localities '51

Camden: Berlin '51, Blue Anchor ’51, Ellisburg '51, Elm ’51, Haddonfield ’51,

Waterford ’51, Winslow 51

Gloucester: Aura '51, Cross Keys 51, Franklinville '51, Glassboro 51, Harding

’51, Mickleton ’51
Salem : Elmer 51, Pittsgrove '51

Sussex: Andover ’53, Fredon ’53, Glenwood ’53, Hamburg ’53, Newton '53
Warren : Hackettstown ’53, Hazen ’53, Oxford ’53, Port Murray ’53, Washington

’53
Pennsylvania :
Adams: Fairfield '52

Franklin : Fayetteville ’52, Scotland ’52

Maryland :

Washington: Big Pool '54, Hagerstown ’54, Hancock

Springs ’54, Ringgold '52
West Virginia:

’54, Huyett ’54, Indian

Berkeley : Gerrardstown 54, ’55, Hedgesville '54, Martinsburg ’54, Shanghai ’55

Jefferson : Kearneysville '54
Virginia :

Frederick : Grimes '55, White Hall ’55

North Carolina :
Alexander : Taylorsville '51
Surry : Mt. Airy '51
Wake : McCullers ’51, Raleigh ’51

Wilkes : Moravian Falls ’51, Pore’s Knob *51, Wilkesboro ’51

Table 5 shows the number of
adults liberated and the number-of
orchards receiving parasites.
total of 75,956 were released in 195
orchards.

After the first liberations, festiva
was reared several times from un-
sprayed apples collected in orchards
receiving parasites, and the hosts,
proved by isolation and examina-
tion of host remains, were the ori-
ental fruit moth and Grapholitha
prunivora (Walsh). Most of the
recoveries were made from samples
taken within a few weeks of and
during the same season as the libera-

tion. In one instance a single speci-
men was reared from an infested
apple taken at Evesboro, N.J., in
1952 during the second season after
liberation. Subsequent collections
in all these locations but one con-
tained no festiva specimens. Despite
the recoveries noted by Hoyt (1954),
the species has not been considered
established in the United States
until 1957. In July 1957, 2 years
after colonization in an abandoned
quince orchard at Somerset, N.Y.,
eight ({est@'va specimens were Te-
covered from the oriental fruit moth
in a sample of quinces collected and



TaBLe 5.—Number of Agathis festiva adults liberated and number of orchards receiving parasites, 1951-66

1951 1952 1953 1954 1955
State
Adults | Orchards | Adults { Orchards | Adults | Orchards | Adults | Orchards | Adults Orchards
Connecticut_ - ___________{ _______|__________ 5, 538 1 ||| ___ 2, 951 5
New York______________ | ______ |||l 6, 531 10 (oo __ 5, 346 10
New Jersey______________ 19, 050 100 |- ___ 4,786 1 || __
Pennsylvania____________|________| _________ 394 - 2 NI AR IR ARSI AU A
Maryland_______________|________|__________ 177 ) I PR 14, 404 12 || ____
West Virginia____________| _______|_____TTIT\ | |IIIITThftTTTT 11, 890 9| 1,842 2
Virginia________________ | _______|.________ | |||ttty ety 1,195 3
North Carolina__________ 1, 852 17 ||
Total ____________ 20, 902 117 | 6,109 16 | 11,317 21 | 26, 294 21 | 11,334 20
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shipped to the Moorestown labora-
tory by E. H. Smith of the New
York Agricultural Experiment Sta-
tion at Geneva. In this sample
festiva parasitized 3 percent of the
host reared and was the most com-
mon parasite. This appears to be
a local establishment.

Genus APANTELES

The genus Apanteles contains a
large number of species, many.of
which are important parasites of
crop pests. The American species
attacking the oriental fruit' moth are
the sma%lest of the braconid para-
sites. They have black bodies and
the abdomens are relatively small.
The wing venation, except for the
radius, is generally translucent and
inconspicuous (fig. 4, ). Muese-
beck (8920) made several observa-
tions on the biology of this genus.
He stated that insofar as is known
all A panteles species are exclusively
parasites of Lepidoptera larvae.
The species tend to be restricted to
a group of hosts that are closely re-
lated phylogenetically or in larval
habitats. Many species attack free-
living caterpillars, whereas others
parasitize larvae protected within
their food medium, such as leaf
rollers, leaf miners, stem borers, or
bud moths. They may be gregar-
ious or solitary, and there is great
variety in the texture and color of
the cocoons.

It would seem that the oriental
fruit moth, which is well concealed
in deep tunnels most of its larval
life, would be relatively immune to
the Apanteles species, which are
small and have relatively short ovi-

itors. However, Haeussler
(1940) found that two species were
fairly effective against this host in
some localities in Japan, with rates
of parasitization approximating 20
percent. They were sometimes the
dominant parasites.

Four North American species
have been reared from the oriental

fruit moth, but none are important
parasites of this host. They attack
Iarvae infesting peach twigs and
form their cocoons within that of
the host.

Apanteles epinotiae Viereck
(Fig. 4)

Apanteles epinotige occurs from
Maine to Florida and west to
Illinois, Nebraska, and Texas
(Muesebeck et al. 7951, Krombein
et al. 7958). Muesebeck listed eight
Microlepidoptera as hosts, three of
which are olethreutids, two phyci-
tids, and one each of the families
Gelechiidae, Phaloniidae, and Pter-
ophoridae. This group includes
casebearers, twig borers, and the
shuckworm, in which the larvae
are concealed, and at least one sur-
face feeder, Dichomeris ligulella
Hiibner. A. epinotiae has also been
recorded from another gelechiid,
the leaf miner Keiferia lycopersi-
cello. (Busck) (Thomas 1936);
from a hyponomeutid leaf miner,
Argyresthia  thuiella (Packard)
(Underhill 1943) ; and from a bud
moth in sunflower, Swleima helian-
thana (Satterthwait 1948). Stearns
and Neiswander (1930) reported it
as a parasite of the oriental fruit
moth.

The most common Apanteles
species parasitic on the oriental
fruit moth in the United States is
epinotiae. However, it was not
found abundant enough to be im-
portant generally or even in one lo-
cality. In the rearing of insects
from infested twigs at the Moores-
town laboratory, it was recovered
from 15 counties—one county in
Kentucky, one in Ohio, and the
others scattered east of the Alle-
ghenies in nine States from Massa-
chusetts to South Carolina. Thirty
epinotiae specimens were reared.
They were obtained from only 0.5
percent of the collections made and
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2, 4, and 6 percent, respectively, of
the properties, localities, and
counties from which samples were
taken. It was most frequently
reared from Rockland County,
N.Y,, from 1933 to 1936. The re-
mains of two were examined in
1933. They issued singly from very
small cocooned larvae of the ori-
ental fruit moth. In numerous
specimens only one parasite issued
from each host. The cocoons were
small and opaque white. They were
found in the host cocoon. The par-
asite emerged through a clear cir-
cular hole at the apex of the cocoon.

Apanteles clavatus (Provancher)

Apanteles clavatus occurs in
Canada and from Maine to South
Carolina, west to Ohio and Ten-
nessee, and in California and Ore-
gon. It has been reported as a
parasite of one tortricid and two
olethreutid hosts.

At the Moorestown laboratory
between 1930 and 1938 clavatus was
reared from eight oriental fruit
moth larvae, apparently always as
a solitary parasite. Host relation-
ships were not proved by micro-
scopic examination of any host re-
mains, but the number of recorded
rearings removes all doubt as to the
host relationship. A. clavatus was
reared in collections from Milford,
Conn., Richwood, N.J., Gramling,
S.C., Mt. Airy, Ga., Paducah, Ky.,
Port Clinton, Ohio, and Kimms-
wick, Mo.

Apanteles cacoeciae Riley

Muesebeck et al. (1951) stated
that Apanteles cacoeciae occurs
from Quebec to South Carolina and
west to South Dakota and Colo-
rado. Muesebeck et al. (7957) and
Krombein et al. (7958) listed nine
Lepidoptera as hosts. These in-
clude one gelechiid, one phycitid,
and the rest about equally divided

between tortricids and olethreutids.
The larvae attacked are leaf rollers,
stem or twig borers, and case-
bearers. Muesebeck (7920) noted
that the cocoons are white, thin, and
firmly held together in groups of
three to six. Judd (7957) reared
as many as 18 from one larva of
Gnorimoschema,  gallaesolidaginis
Riley. Daniel (1932) reared cacoe-
ciae from four oriental fruit moth
larvae in 1930 and nine in 1931 in
peach twigs in Niagara County,
N.Y

At the Moorestown laboratory
cacoeciae was reared only four times
as a parasite of the oriental fruit
moth. All were identified by Muese-
beck. In 1935 the host relationship
was proved by the microscopic ex-
amination of the remains of this
host with a cacoecize specimen
reared from East Williamson, N.Y.
The parasite was gregarious; it
formed a cluster of six cocoons. In
1938 one larva was parasitized in
each of the following localities:
Clemson, S.C., Kevil, Ky., and
Olney, I1l. Some of these were ap-
parently solitary.

Apanteles polychrosidis Viereck

Apanteles  polychrosidis occurs
from Ontario to North Carolina,
west to South Dakota and Missouri,
and also in Washington and Oregon
(Muesebeck et al. 79571). Muese-
beck et al. listed nine lepidopterous
hosts—four tortricids, three ole-
threutids, a gracilariid, and a lyone-
tild—most of which are insect pests.
They include leaf rollers, leaf min-
ers, and Paralobesia viteana (Clem-
ens). These authors also listed
the oriental fruit moth among the
hosts. A. polychrosidis must be un-
common as a parasite of this last
host, since none of the numerous
workers who have studied its para-
sites appear to have mentioned poly-
chrosidis, and it has never been
reared at Moorestown.
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Genus MICROGASTER

Two species of Microgaster have
been reared as primary parasites of
oriental fruit moth larvae. The
adults are small black braconids
with small abdomens and resemble
A panteles, but the wing venation is
more generally pigmented and there
is an areolet in the forewing (fig.
4, D). Little is known of the bi-
ology of either, but a Eurasian
species, Microgaster tibialis Nees,
commonly parasitic in Pyrausta
nubilalis, has been reared in large
numbers and studied in detail.
Vance (1932) observed that fertile
M. tibialis females produce both
sexes and unfertilized females only
males. The female attacks youn
exposed larvae of P. nubilalis a,ng
prefers second-instar hosts. The
Farasite punctures a squirming
arva and without paralyzing it de-
posits an egg in the body cavity.
More than one egg per host may be
deposited, but only one larva ma-
tures. There are three larval in-
stars. The parasite overwinters as
a prepupa within its cocoon.

Microgaster ecdytolophae
Muesebeck

(Fig. 4)

The reported distribution of M-
crogaster ecdytolophae is from
Nova Scotia to Florida, west to On-
tario, Indiana, and Texas, and in
Central America and the West In-
dies (Muesebeck et al. 7957). Mue-
sebeck et al. (1957) and Krombein
et al. (1958) listed nine hosts, all
Lepidoptera whose larvae are
sheltered, such as fruitworms, stem
borers, casebearers, leaf blotch
miners, and leaf skeletonizers.
Three are olethreutids, two gele-
chiids, and one each of the families
Gracilariidae, Coleophoridae, Phy-
citidae, and Pyraustidae. It was
also reported (Brett 7946) as a
parasite of Walshia amorphella

Clemens, a momphid that lives in
galls on the twigs of the indigo
ush (/ndigofera) in Oklahoma,
and ecdytolophae was reared from
Carpocapsa pomonella in West Vir-
ginia (Jaynes and Marucci 1947).
It has been reported infrequently
as a parasite of the oriental fruit
moth. In Delaware one specimen
was reared among the more than
9,000 parasites recovered in 10 years’
work (Stearns and Amos 1941).
Wingo (1941) reared it from the
oriental fruit moth in Missouri.

The parasite-rearing work at the
Moorestown laboratory indicated
that ecdytolophae as a parasite of
the oriental fruit moth was nowhere
abundant enough to be important.
Usually only one was reared from a
collection of infested peach twigs.
A total of 55 were reared in 40
field collections from 82 properties,
23 localities, 18 counties, and 8
States from Pennsylvania to Vir-
ginia and west to Illinois. It was
recovered from only one county
(Wicomico, Md.) east of the Appa-
lachian foothills. It was much
more common in Virginia than any
other State. The 82 specimens re-
covered from Virginia were reared
from 21 collections, 16 properties,
and 8 localities.

M. ecdytolophae attacked larvae
of the oriental fruit moth boring in
peach twigs. After the host had
cocooned, the full-grown parasite
issued and spun its cocoon beside the
host remains. Although small, it
was a solitary parasite. However,
in one instance two issued from
the same host larva. The cocoon
was white and usually opaque at
the anterior end but translucent
posteriorly.

Microgaster epagoges Gahan

The distribution and hosts of
Microgaster epagoges have been
summarized by Muesebeck et al.
(1961) and Krombein et al. (1958).
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It is distributed from Massachu-
setts to South Carolina, west to
Ontario, Towa, and Colorado, and
in British Columbia. There are 10
hosts, of which 7 are tortricids and
one each of the families Olethreuti-
dae, Pyraustidae, and Gelechiidae.
In addition, Baker et al. (1949)
found it parasitic on Pyrausta
nubilalis, another pyraustid, in the
Lake States and New England.
Although this species is generally a
parasite of leaf rollers, it has been
reared from stem and twig borers.

Among the quarter million in-
sects obtained at the Moorestown
laboratory from field collections of
oriental fruit moth larvae, one
epagoges specimen (Oriental Fruit
Moth Investigations No. 2242) was
reared from infested peach twigs
taken at Spencer, Ind., on June 5,
1935. There seems to be no reason
to question the record, because the
host was isolated, the host relation-
ship was proved by examination of
larval remains, and the specimen
was determined by Muesebeck.

It

E er

Ascogaster quadridentata
Wesmael

(Fig. 5)

The adult of Ascogaster quadri-
dentata is robust, with a black,
coarsely sculptured body, four
prominent teeth on the posterior
margin of the propodeum, and a
forewing as in figure 5, #. The
abdomen is ovate, with only one
visible tergite. A. quadridentata
is a common European parasite of
Carpocapsa pomonella and was
probably introduced into North
America accidentally with this host
many years ago (Boyce 1936). In
North America much of the litera-
ture appears under the name
Ascogaster carpocapsae (Viereck).
Muesebeck et al. (1957) and Krom-
bein et al. (1958) indicated a some-
what restricted distribution in
North America from Nova Scotia
and Ontario to Virginia and west
to Indiana and in Oregon and
Washington. It has been reported

F

F1eurReE 5.—Ascogaster quadridentata: A, Egg; B, young first-instar larva; C, head
(h) and first thoracic segment (1) of first-instar larva one-third grown; D, two
eggs 21 hours old beside host embryo in Carpocapsa pomonella egg ; E, full-grown
first-instar larva, showing head (h), first thoracic segment (1), and evaginated

rectum (e r) ; F, forewing.
redrawn from Cox (1932).)

(4, B, C, and F redrawn from Rosenberg (1934) ; D
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from California (Hensill 1933)
and British Columbia (Webster
and Shenefelt 1945). Haeussler
(1940) did not find it in Korea or
Japan.

Muesebeck et al. (1951) listed
only six North American hosts, four
of which are olethreutids (C. po-
monella, Grapholitha prunivora,
Paralobesia viteana, and the ori-
ental fruit moth), one a gelechiid
(Gelechia), and one a pyraustid
(Desmia fumeralis (Hibner)).
Rosenberg (1934? gave a much
more extensive list of recorded
hosts. A. quadridentata occurs nat-
urally on Laspeyresia nigricana
(Stephens) in England, and a few
have been recovered after libera-
tions of the imported garasites in
Canada (Wishart 1943b).

Three authors have given detailed
biological and anatomical informa-
tion on this species. Cox (1932)
studied it as a parasite of the ori-
ental fruit moth and C. pomonella
in western New York, Rosenberg
(1934) as a parasite of C. pomo-
nella in France, and Boyce (1936)
as a parasite of the oriental fruit
moth 1n the Niagara peninsula of
Ontario. They agreed in most of
the details.

Females mate almost immediately
after emerging, and oviposition
may begin within 24 hours of mat-
ing. Fertilized females produce
both sexes in a 1: 1 ratio. Unmated
females produce only males, which
are smaller than the males from
fertile females, but which mate nor-
mally. Cox found that at 70° to
75° . females lived on an average
for 31 days and males for 22 days.

The adult oviposits within the
host egg (fig. 5, D). It apparently
will deposit in eggs of any age. It
has even been observed attempting
oviposition in eggshells and in the
substratum, from which eggs have
been rubbed away. The egg (fig.
5, A) is smooth and dull white, with
an outline like the imprint of a moc-
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casin. Rosenberg counted 325 eggs
deposited by one female and 733 by
another. Usually only one egg 1s
deposited at a time. szever, since
the female is unable to distinguish
previously parasitized eggs, in re-
peated trips over host eggs several
eggs may be deposited in one host.
Females deposit readily in freshly
deposited host eggs. However,
Boyce obtained a l%etter rate of
propagation when eggs were 38 to
48 hours old when exposed than
when newly deposited eggs were
used. Cox and Rosenberg found
that the parasite egg was depos-
ited only in the unorganized ma-
terial surrounding the embryo, but
Boyce observed that eggs were also
frequently deposited within the

- embryo.

The newly hatched larva (fig. 5,
B) is subconical, about 0.2 mm.
long, with a very large head and
welgf-developed mandibles. One to
several larvae may invade one host
embryo. This stage becomes estab-
lished within the embryo before
hatching and persists until the host
larva is mature. However, in that
period it grows to a slender larva
about 2.0 mm. long. Rosenberg
observed that during this instar the
head becomes dwarfed in relation to
the rest of the body and the rectum
conspicuously evaginated (fig. 5,
B, C, E). Several workers ob-
served that its presence in C. pomo-
nella invariably dwarfs the larva
to about one-third its normal size,
and that reliable estimates of para-
sitism can be made by counting the
number of small larvae.

The second instar is an internal
parasite of cocooned larvae. Cox
reported two instars during this

riod. Several records agree that
the last instar issues from the larval
host, and as an ectoparasite it rap-
idly consumes the remaining tis-
sues. Cushman (1912) observed
that this external feeding was com-
pleted in 1 day, during which the



PARASITES OF THE ORIENTAL FRUIT MOTH 39

larva trebled in size. The cocoon
is glossy white and is spun within
the host cocoon beside the remains
of the host larva. Only one
parasite matures per host.

A. quadridentata from the East-
ern States was colonized against
C. pomonella in Washington and
British Columbia in 1926 or
earlier and became well established
in Washington by 1927 (Newcomer
1928). Cox (1932) and subse-
quently several other authors ob-
served that parasitism by this
species was greatly reduced in
orchards sprayed with arsenate of
lead and to a lesser extent by oils.
Garman and Brigham (1935 { con-
firmed the identity of the European

adridentata with A. carpocapsae

y crossing females from European

stock with males of American A.
carpocapsae. The progeny con-
tained a normal ratio of males and
females, indicating the mating had
been normal. Boyce (7941) found
that the effectiveness of this para-
site in Ontario was lessened by
attacks of several species of the
hyperparasite Perilampus. There
are many other references to the
occurrence of gquadridentata in C.
pomonella. A. quadridentata from
L. nigricana was exported from
England from 1936 to 1939, and it
was colonized agajnst this host
in° British  Columbia (Wishart
19,3b).

A. quadridentata has been re-
corded as a parasite of the oriental
fruit moth in Maryland (Garman
1918, McConnell 1932), Virginia
(Wood and Selkregg 1918), New
Jersey (Stearns 1927, 1928, Haeus-
sler 7930), Ontario (Smith 7929,
Steenburgh 1930a, 1931), Georgia
(Alden 7930), New York (Daniel
1930, 1939, 1936, Daniel et al. 1933),
Ohio (Stearns and Neiswander
1930), South Carolina (Eddy and
Nettles 79317), and Michigan (Mer-
ritt 1933b).

In the rearing work at the
Moorestown laboratory from field-
collected peach twigs, quadriden-
tata was recovered from the Atlan-
tic Coast States, Massachusetts to
Virginia, inclusive, and from Ohio,
Michigan, Indiana, Illinois, Ken-
tucky, and South Carolina. In
Kentucky it was reared in two
collections from Lexington, in
Illinois from one collection at New
Burnside, and in South Carolina
from Greer, Clemson, and Gram-
ling. As a parasite of the oriental
fruit moth In peach twigs, it was
recovered from 48 counties, 84 lo-
calities, 109 properties, and 146
collections, which were, respec-
tively, 10, 14, 9, and 3 percent of
the total for the survey. In the
collections where this parasite
occurred, the average parasitization
by quadridentata was 1.9 percent.
In 1individual collections, rates in
excess of 5 percent were common,
but there were few above 10 percent.
The highest parasitization from
infested peach twigs was from an
unusually late-season lot collected
at Gramling, S.C., on September 2,
1936. Of the 136 insects reared,
30 percent were quadridentata.

In the rearing of fruitworms
from samples of unsprayed apples
from 1952 to 1957, quadridentata
was the most abundant parasite of
the oriental fruit moth and C.
pomonella, and it was also an
occasional parasite of G. prunivora.
This survey was made in seven
States from Connecticut to North
Carolina, inclusive, and consisted of
210 samples of unsprayed apples
and 1 sample of unsprayed quince
from 26 counties, 66 localities, and
94 properties, from which 3,452
oriental fruit moths and 6,634 C.
pomonella cocoons were reared.
Comparison of results obtained
from these insects in apple with the
results from oriental fruit moths
in peach seems to support the opin-
ion of Daniel et al. (1933) that
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quadridentata adults are attracted
to apple orchards.

The observations at the Moores-
town laboratory showed that par-
asitism of oriental fruit moths by
quadridentata in unsprayed apple
was much greater than in peach
twigs. A. quadridentata was
reared from 43 percent of all
samples of apples containing this
host, and the average parasitization
by this species in such collections
was 12.9 percent, which was only
slightly less than the 15.3 percent
of (. pomonells in the same
samples. A. quadridentata oc-
curred through the entire range of
this survey. It was a common
parasite of C. pomonella in Alex-
ander, Wilkes, and Surry Counties,
N.C., south of its previously re-
ported range.

In 1931 and 1932 over 56,000
quadridentata adults were prop-
agated at the Moorestown labora-
tory on the oriental fruit moth
(Allen et al. 71940). Subsequently
similar mass breeding was accom-
plished in New York, Connecticut,
Ontario, and other places.

Phanerotoma fasciata
Provancher

(Fig. 6)

The adult of Phanerotoma fasci-
ata is yellowish and moderately ro-
bust, with an ovate abdomen having
three visible tergites (fig. 6, B).
Each wing (fig. 6, 4) has two faint,
smoky transverse bands. In much

FIcURE 6.—Phanerotoma fasciata: A,
Forewing; B, dorsal aspect of abdomen.

of the literature this species has
been confused with Phanerotoma
tibialis (Haldeman). Walley
(1951) found that the Phanerotoma
reared from olethreutids was fasci-
ata and distinet from ¢ibialis, which
parasitizespyralids. Hamilton
(1890)  reared fasciata from
Laspeyresia caryana (Fitch) in the
hulls of hickory, and he observed
that the parasite formed its cocoon
within the cell of the host. '

Muesebeck et al. (7957) and
Krombein et al. (7958) listed seven
hosts, all of which are crop pests of
the family Olethreutidae. These
authors stated that the parasite
occurs from Ontario south to
Florida and west to British Colum-
bia, Washington, Oregon, and
Texas. It hasbeen most commonly
reared as a parasite of the oriental
fruit moth, Carpocapsa pomonella,
and L. caryana. Dozier et al.
(1929) observed that in (.
pomonella the parasite attacks the
egg and issues from the cocooned
host larva. Its life history has
apparently not been worked out in
detail, but it is similar to that of
Phanerotoma grapholithae Muese-
beck and Ascogaster quadridentata,
both of which have been propagated
in large numbers.

As a parasite of the oriental
fruit moth, it has been recorded
from New Jersey (Stearns 1927,
1928, Haeussler 1930), New York
(Daniel 7932), Maryland (McCon-
nell 7932), and Delaware (Stearns
and Amos 7947). Haeussler found
it a negligible parasite of the orien-
tal fruit moth in peach twigs in
New Jersey from 1925 to 1928, but
it was the most abundant parasite
cverwintering in this host from
quince fruit from 1928 to 1929.

The rearing at the Moorestown
laboratory showed that fasciata
was an unimportant parasite of the
oriental fruit moth. Although
more than one adult was reared
from each of several collections of
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infested peach twigs, the parasitism
was never high. total of 33 para-
sites were reared from 24 collec-
tions, 22 properties, 18 localities,
and 16 counties. Approximately
half of the total were reared from
South Carolina and Virginia, two
of the seven States from which
fasciata was recovered. Asa para-
site of the oriental fruit moth in
peach twigs, it was reared only east
of the Alleghenies from southern
New Jersey to South Carolina and
on the southern shores of Lakes
Ontario and Erie.

In the survey of fruitworms in
unsprayed apple from 1952 to 1957,
fasciata was recovered in only four
counties of southern New Jersey,
where the infestations of both the
oriental fruit moth and C. pomo-
nella were high. In that restricted
area fasciata was recovered from
21 percent of the 77 collections from
which the oriental fruit moth was
reared and 28 percent of the 54
from which pomonella was
reared. In the collections from
which fasciata was reared it at-
tained an average parasitization of
14.1 percent of the 750 oriental fruit
moths and 5.6 percent of the 1,229
C. pomonella specimens reared.

Genus BRACON

The genus Bracon has a large
number of species. Bracon hebetor
Say is readily propagated on sev-
eral easily reared grain insects, and
it has been extensively used in bi-
ology and genetics studies.

Three species of Bracon have been
reported as parasites of the oriental
fruit moth. If their habits in that
host are similar to those observed
in other hosts, the method of rear-
ing parasites at the Moorestown
laboratory might fail to discover
them. Most of the parasite records
there were obtained on larvae that
were collected in peach twigs, and
these larvae transferred to other

food or to cocoon strips before suc-
cumbing to parasites. In some
Bracon species the larvae are para-
lyzed at the time the egg is depos-
ited, and they are una%%a to make
such transfers.

Bracon mellitor Say
(Fig. 7)

Bracon mellitor is one of the few
parasites of the oriental fruit moth
in which the adult parasite is robust
and ferruginous. The abdomen is
ovate with seven tergites. In the
forewing (fig. 7) the second cubital
cell is a conspicuously elongate
parallelogram. This parasite was
described more than 120 years ago.

F1auReE 7T.—Forewing of Bracon mellitor.

It has been known since 1905 as
an important parasite of Anthono-
mus grandis Boheman (Hunter and
Hinds 7905). Since 1900 it has
been recorded as a parasite of a
considerable number of curculionid
and lepidopterous hosts, including
several important crop pests. Of
these hosts, Muesebeck (7925),
Mouesebeck et al. (1951), and Krom-
bein et al. (7958) recognized 10 cur-
culionids and 8 Lepidoptera. The
latter includes three olethreutids,
two gelechiids, and one each of the
families Phalaenidae, Phycitidae,
and Momphidae. So far as is
known the larvae of all these hosts
are well protected within plant tis-
sues. These authors gave the dis-
tribution of this species as the
Atlantic Coastal States from Mas-
sachusetts southward, west to South
Dakota and Texas, and in Mexico
and Hawaii.
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Several biological studies have
been made of mellitor, including
those on Pectinophora gossypiella
(Saunders) by Willard (1927) in
Hawaii and studies on A. grandis
by Fenton and Dunham (1929) in
South Carolina, Miller and Cris-
field (7930) in Georgia, and Fol-
som (1936) in Louisiana. They
observed that the parasite attacked
larvae that were full grown or
nearly so.

Folsom found that the oviposit-
ing female was attracted by the
larva itself, but only when it was
enclosed in a cell that might be
either natural or artificial. Usu-
ally only one or two eggs were laid
daily, and generally only one to
each host. In midsummer the pre-
ovipositional period was about 24
hours, and ovipositing females lived
about 2 weeks. In cooler weather
males lived as long as 40 days and
females 70. Unfed adults survived
for less than a week. Folsom ob-
served that females drilled through
soft spots in cotton squares to ovi-
posit, but others stated that ovipo-
sition occurred through cuts or
holes made by the host. The larva
was permanently paralyzed, and an
egg was laid on or near it in the
cell of the host. Several observed
that the larva fed externally on host
larvae. Usually one adult emerged
from a single host. Folsom found
that in August the egg hatched in
about 24 hours, the larva completed
feeding in 3 days, and the normal
cycle from oviposition to adult was
12 days. The white cocoons were
formed within the cell of the host.
Folsom noted that when the adult
emerged from cotton squares, it
chewed off the end of the cocoon
and gnawed an exit hole through
the wall of the square. Both Wil-
lard and Fenton found that unfer-

tilized females produced only males.
Females mated with parthenogenic
males produced normal offspring.

Noble and Hunt (1942) had mod-
erate success in propagating mel-
litor by exposing larvae of the lab-
oratory host Ephestia kuehniella
Zeller, which were confined between
cloth and paper layers in embroi-
dery hoops. They also reared the
parasite less successfully on larvae
artificially paralyzed in hot water.

B. mellitor has been recorded as a
parasite of the oriental fruit moth
in Ontario (Smith 1929), South
Carolina (Eddy and Nettles 19371),
Maryland (McConnell 71932), Ten-
nessee (Butler 7933), and Michigan
(Merritt 7933b). Smith reared it
from infested peach fruits and
Butler from infested peach twigs.

In the work at the Moorestown
laboratory mellitor was reared from
the oriental fruit moth only a few
times and was never an important
parasite. It was reared from the
following counties: Burlington,
N.J., Greenville and Spartanburg,
S.C., Delaware and Knox, Ind., and
Richland, Ill. Usually it was
reared from oriental fruit moths
infesting peach twigs, but once it
parasitized a larva after the cocoon
had been formed.

Bracon gelechiae Ashmead

Muesebeck et al. (1961) and
Krombein et al. (1958) gave the
distribution of Bracon gelechiae as
all the United States and Canada,
Mexico, Bermuda, and India. They
listed 24 hosts, all of which are
small or moderate-sized Lepidop-
tera that are chiefly stem or fruit
borers, bud moths, casebearers, or
leaf rollers. They include seven
olethreutids, six gelechiids, three
tortricids, two pyraustids, and one
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each in the families Heliodinidae,
Phycitidae, Phalaenidae, Oecopho-
ridae, and Coleophoridae.

Poos (1928) studied the biology
of gelechiae, which originated from
Gnorimoshema operculella, in the
laboratory host Diatraca zeacolella
Dyar. Inthishost the parasite was
gregarious, and as many as 20 adults
were reared from one larva. The
period from egg deposition to emer-
gence of adults ranged from 10 to
12 days. The eggs hatched in 28
hours. One female deposited 62
eggs. Under favorable conditions
females lived on an average for 16.8
days and males for 6.6 days. Un-
fertilized females produced males
only. Thehabit of many hymenop-
terous adults of feeding on the
juices of the host was first noted in
1921 by Trouvelot in gelechiae (in
Clausen 1940).

B. gelechiae has been reported as
an occasional parasite of the orien-
tal fruit moth in Virginia (Stearns
1919), New Jersey (Stearns 1928,
Haeussler 17930), Maryland (Mec-
Connell 7932), Michigan (Merritt
1933b), and Delaware (Haden
1935). It was not reared at the
Moorestown laboratory from this
host after 1930.

Bracon politiventris (Cushman)

The distribution of Bracon poli-
tiventris, as reported by Muesebeck
et al. (7957) and Krombein et al.
(1958), is from Nova Scotia to
Virginia, west to British Columbia,
Oregon, and Colorado, and in
Louisiana. Their list of hosts
includes eight Lepidoptera whose
larvae are leaf rollers, bud moths,
and fruit or stem borers. Five are
tortricids and three are oleth-
reutids. Daviault (7935) reared
politiventris from an oecophorid,
Psilocorsis sp., feeding on birch.

This parasite was reported to
feed externally on the larvae of
Archips rosaceanus (Harris)
(Schuh and Mote 1948) and of
Choristonewra  fumiferana (Dow-
den et al. 79/8), which it destroys.
Muesebeck (1925) and Dowden
et al. (7950) noted that it was
gregarious. Muesebeck* stated
that in the U.S. National Museum
collection there are two specimens
reared from the oriental fruit moth,
one collected from Salisbury, Md.,
in 1939 and one from Lorain
County, Ohio, in 1933. It was
never reared from this host at the
Moorestown laboratory.

4 Personal communication dated 1956.

Ichneumonidae

The ichneumonid parasites of the
oriental fruit moth include several
genera that attack only developing
larvae and other genera that are
parasitic only on the cocoon stage.
Insofar as is known all the larval
parasites develop internally from
eggs laid within the bodies of the
hosts. In general they issue from

larvae after they have cocooned,
and they form their cocoons beside
the host remains. The Ichneu-
monidae differ from the Bracon-
idae in having the third discoidal
cell separated from the second
apical cell and the first discoidal
cell confluent with the first cubital
cell (fig. 8).
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KEY TO GENERA OF ICHNEUMONIDAE ATTACKING ORIENTAL FRUIT MOTH LARVAE

1. First segment of abdomen stalked, usually more than twice as long as basal

width .

First segment of abdomen not stalked, usually not more than twice as long as
basal width_.________________________________________ Glypta, Toxophoroides
2. Areolet not present____________________________________________________ 3
Areolet present and closed before junction with radius________________ Campoplex
3. Hindfemur without strong spine before its apex____________________________ 4
Hindfemur with conspicuous spine ventrally and before apex_________ Pristomerus

4. Stigma very narrow, much more so than length of intercubital vein__________
Stigma wider than length of intercubital vein_____________________________ 5

5. Clypeus with suture or depression between it and face; last four segments of

abdomen strongly compressed; ovipositor straight and nearly as long as

abdomen.__________________ . ____________.__ Temelucha
Clypeus fused with face; last four abdominal segments not strongly com-
pressed; ovipositor short and abruptly upcurved at tip______________ Horogenes
6. Antennae much shorter than body; eyes margined behind with yellowish
white. . e Atrometus
Antennae nearly or quite as long as body; eyes broadly margined behind with
red. e Labrorychus

parasite of olethreutids; it was
reared from 11 species of this
family. One tortricid is also listed
as a host. @. rufiscutellaris seems
not to have been noted as a parasite
of the oriental fruit moth until
1926 (Garman 1926).

Since the wide fluctuations in
abundance as a parasite of the ori-
ental fruit moth are probably

Glypta rufiscutellaris Cresson
(Figs. 8 and 9)

Glypta rufiscutellaris adults are
large and black, with the abdomen
broadly joined to the thorax. The
wing venation is shown in figure
8. The distribution of rufiscutel-
laris is given by Townes (in Muese-
beck et al. (1951)) as the Transi-

tional and Upper Austral Zones
from the Atlantic Ocean to Alberta,
and Utah. It is preeminently a

linked to its abundance in alter-
nate hosts commonly present in or
near peach orchards, considerable

Fieure 8.—Wings of Glypta rufiscutellaris, showing first discoidal cell (d 1), first
cubital cell (¢), third discoidal cell (d 3), and second apical cell (¢ 2).
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Ficure 9.—Eggs and larvae of Glypta rufiscutellaris: A, Uterine egg; B, egg from
host 2 days after deposition; C, first-instar larva; D, second-instar larva; E, third-

instar larva.

attention has been given to such
hosts. Allen and Lott (1930)
found that it was a common par-
asite of Epiblema strenuana in
New Jersey, Pennsylvania, Ohio,
and Indiana. Its occurrence in
that host has subsequently been
studied by Crawford (7933) in
western New York, Montgomery
(1933) in Indiana, and Haden
(1935) and Rice (1935) in Del-
aware. Its parasitism of £. stren-
uana has also been noted in Mary-
land (McConnell 7932), Virginia
(Bobb 1942), Connecticut (Sch-
read et al. 7942), Ohio (Blackburn
1944, 1948), and Ontario (Putnam
1935a, Boyce and Dustan 795}).
Putnam also found that it para-
sitized a common hawthorn leaf
tier in considerable numbers. This
was subsequently identified as
Epinotia laracana (Kearfott) (?)
(Putnam 7938). He also reared
rufiscutellaris in Ontario less com-
monly from Argyrotoxa semipur-

purana  Kearfott, Grapholitha
packardii Zeller, G. prunivora,
Laspeyresia  caryana, Epiblema
scudderiana, and E. obfuscana

(Adapted from Montgomery (1935).)

Dyar in goldenrod and from
Melissopus latiferreanus in acorns.
Dohanian (7942) also reared it
from M. latiferreanus in California,
Oregon, and Washington. Jaynes
and Marucci (1947) reared very
small numbers from Carpocapsa
pomonella in West Virginia.
Although it appears in some host
lists as a parasite of Ancylis comp-
tana fragariae, this is probably an
error. The author has no record
of its being reared in that host and
failed to rear it in that host at the
Moorestown laboratory.

The chief life-history studies of
rufiscutellaris were made by Craw-
ford (1933), Montgomery (1935),
and Rice (1935). Crawford reared
it from the oriental fruit moth in
western New York. The female
was relatively inactive in midday.
Oviposition was accomplished in a
few seconds. The parasite inserted
the ovipositor in the hole left by the
twig-infesting host larva. Some-
times oviposition on the same larva
was repeated before the female left
it. Females often attacked free-
crawling larvae and oviposited in
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them. Only once was a female ob-
served feeding on larval juices. The
preovipositional period was 2 to 6
days. When the adults were main-
tained on sugar and water, the
average longevity was 26 days for
females and 1614 days for males.
The parasite attacked any stage of
oriental fruit moth larvae, but few
rufiscutellaris insects matured
when newly hatched or when nearly
mature larvae were exposed.

The egg (fig. 9, 4, B) was typi-
cally that of an ichneumonid. It
was slightly curved, clavate, about
0.3 mm. long, and fully three times
as long as wide. It was always
free in the body cavity and was
oriented with the body and close
to the midgut. Apparently only
one eg%‘hwas laid at each oviposi-
tion. e egg in midsummer
hatched in about 40 hours.

According to Crawford there
were four larval instars, but Mont-
gomery found only three. These
were characterized by a conspicu-
ous anal process, which became
less prominent in each succeeding
instar (fig. 9, 0, D, E'). The de-
velopmental period was synchro-
nized to that of the host. The
mature larva cast off the completely
emptied skin of the host after the
latter had cocooned. It spun a
thin white cocoon beside the host
remains. In western New York
rufiscutellaris overwintered as a
full-grown larva within its cocoon,
transforming to a prepupa in late
winter. Peak pupation was on
April 11, and emergence began
early in May. The emergence of
first-generation adults began early
in July and of second-generation
aduits on August 8. Unmated
females produced males only, and
when these males were mated with
females, their progeny were of
both sexes.

Montgomery also studied rufiscu-
tellaris by rearing it in the orien-
tal fruit moth. is observations
are in substantial agreement with

those of Crawford. However, he
observed that the period from ovi-
position to hatching was 6 days.
He also obtained his highest rates
of parasitization (80 percent) when
larvae only 1 day old were exposed
to ovipositing females. -

Rice collected adults in the field.
He found them fairly common in
the spring up to May 14 and not
again until July 1. Males were
observed feeding on the flowers of
wild turnip (Brassica campestris),
cherry (Prunus), and 'I{Vorway
maple (Acer platanoides). He
kept adults that emerged from
overwintering Z. strenuana in
humid cages and fed them sugar
and water. The average longevity
of females was 49.4 days.

Haeussler (1930) observed that
in 1928 only 2.9 percent of the
parasites reared from peach twigs
collected in New Jersey were para-
sitized by rufiscutellaris, but 25
percent of the parasites that were
reared from the oriental fruit moth
and that overwintered after issuing
from quince were this species. This
showed the ability of the parasite to
attack larvae that feed on fruit.

Over the northern part of the
range of the oriental fruit moth,
rufiscutellaris is one of the three
most important parasites of the
larvae of this host. Rates of para-
sitization in excess of 80 percent
have been observed, but the average
has been far below that of Macro-
centrus ancylivorus when both
species occurred in the same local-
ity. Numerous observers have
noted that there is little or no para-
sitism of the first generation by
Glypta and that the parasite is
much more prevalent in some sea-
sons than others. It has not been
found as an important parasite of
any other crop pest.

The occurrence of rufiscutellaris
as a parasite of the oriental fruit
moth has been recorded for Con-
necticut (Garman 7926, 1929, 1930a,
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1940, Schread et al. 1942), New
Jersey (Stearns 1927, Driggers
1929, 1930a, 1940, 1941, 19}4,
Haeussler 7930, Brunson 1940),
Maryland (McConnell 7928, 1932,
193}), Ontario (Smith 7929, Steen-
burgh 7930a, 1931, Van Steenburgh
1932, 1935, 1936, Van Steenburgh
and Boyce 17938, Putnam 1935a
Boyce 1947a, 1949, Boyce and
Dustan 1954), Pennsylvania (Stear
1929), Ohio (Stearns and Neis-
wander 7929, 1930, Neiswander and
Vogel 1933, Blackburn 1944, 1948
Weaver 1949), New York (Daniei
1930, 1932, Crawford 1933, Daniel
et al. 7933, Wheeler 19,5), Tennes-
see (Butler 7932, 1933), Michigan
Merritt 1933a, 19330), Delaware
éHaden 1935, Stearns and Amos
1941), Virginia (Bobb 7939, 1942;,
and Missouri (Wingo 1940, 19,1
The distribution of rufiscutel-
laris as a parasite of the oriental
fruit moth 1s very irregular. Even
within the borders of a State or
Province there are large differences
between sections. Driggers (1944),
who compared the parasitism in
the hilly orchards of northern New
Jersey with the parasitism in the
orchards on the Coastal Plain of
southern New Jersey for many
years, found that rufiscutellaris
was consistently more abundant in
the hilly orchards from 1930 to
1944. In Ohio Stearns and Neis-
wander (1930) found it more abun-
dant in the northern part of the
State. In Ontario Steenburgh and
later workers found it persistently
more abundant in some districts
than others. Similar observations
have been made by McConnell
(71932) in Maryland and Bobb
(7939) in Virgina. In sections
where it is abundant there has been
practically no parasitism of the first
generation. Steenburgh in On-
tario, Stearns and Neiswander in
Ohio, and others observed that its
abundance as a parasite of the orien-

629265 0—62——4

tal fruit moth varies greatly from
season to season.

Several workers investigated the
fact that rufiscutellaris is an im-
portant parasite of the second gen-
eration of the oriental fruit moth
in districts where it is scarce or
absent in the first generation. They
showed that over a large part of
the area infested by this host, large
numbers of rufiscutellaris overwin-
ter successfully in Z. strenuana,
which is abundant in and around
peach orchards and is relatively
free of predator and parasite attack.
These parasites start to emerge
about 3 weeks before first-genera-
tion larvae of the oriental fruit
moth are available, and emergence
may indeed be completed several
days beforehand.

However, Crawford (7933) main-
tained rufiscutellaris adults, which
emerged early, until long after first-
generation oriental fruit moth lar-
vae became available and obtained
parasitism of this host from June 5
to 22. He did not state the source
of the adults used in the tests. This
finding showed that the lack of
parasitism of first-generation ori-
ental fruit moths could not be due
to inability of early emerging
Glypta adults to survive until
young fruitworms were available.

Rice (1935) was even able to
maintain early emerging rufiscutel-
laris specimens obtained from £.
strenuang until the first summer
brood of £ strenuana became avail-
able on June 28 and to obtain
parasitism of it. However, all the
long-lived females died within a
week of June 28, and they were
obviously not responsible for the
long-continued parasitism of £
strenuana, such as occurs during
the summer brood.

The evidence available indicates
that the large population of rufiscu-
tellaris emerging in early spring
from overwintering £. strenuana
must be strongly attracted to some
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alternate host or hosts other than
the oriental fruit moth and that
the progeny of this generation must
be largely responsible for the high
rates of parasitism in the second
generation of the oriental fruit
moth and the first generation of
E. strenuana. Whether the host or
hosts that produce the large July
populations of adults are among
those listed has not yet been deter-
mined. It seems to have been -pre-
sumed that the rufiscutellaris
reared from Z. strenuana, is biologi-
cally identical to that reared from
the oriental fruit moth. However,
no statement has been found show-
ing that this has been confirmed by
crossbreeding or crosstransfer of
hosts.

Several workers have propagated
rufiscutellaris by exposing young
oriental fruit moth larvae to ovi-
positing females. Allen et al.
(1940) obtained over 4,000 early
emerging adults from ragweed and
considered this the best source of
the parasite when emergence can be
retarded by cool storage. They col-
onized at several points where the
parasite was not known to occur
without obtaining favorable results.
Shipments of the parasite originat-
ing at the Moorestown laboratory
have been sent to Japan (Ishii
1940), Australia (Anonymous
1936), and Italy (Grandi 1937),
but so far as is known it has not
become established in those coun-
tries. Boyce and Dustan (1954)
found that although rwfiscutellaris
continues to be a common parasite
of E. strenuana, it has sharply de-
creased in its parasitism of the ori-
ental fruit moth in peach in Ontario
during the 6 years that DDT and
other organic 1nsecticides have been
used.

In the recovery work at the
Moorestown laboratory 10,501 7u-
fiscutellaris specimens were reared
(table 8). When the entire in-
fested area is considered, rufiscutel-
laris was about equal in importance

to Macrocentrus delicatus, and it
was the second or third most abun-
dant larval parasite of the oriental
fruit moth. It was especially im-
portant in Massachusetts, Connecti-
cut, New York, Pennsylvania, West
Virginia, Ohio, and Michigan. In
New Jersey, Maryland, and Vir-
ginia rufiscutellars was an impor-
tant parasite in the hilly sections
but almost absent from this host in
the Coastal Plain orchards. It was
relatively unimportant as a parasite
of this host in Rhode Island, Dela-
ware, Indiana, Illinois, Kentucky,
Tennessee, Missouri, and Arkansas.
Although it was recovered in small
numbers immediately after libera-
tion in South Carolina and Georgia,
no evidence was obtained at the
Moorestown laboratory that it oc-
curs normally as a parasite of the
oriental fruit moth in the peach-
growing districts of North Caro-
lina, South Carolina, and Georgia.

From 1930 to 1932 rufiscutellaris
was reared from Z. strenuana in
both generations at the Moorestown
laboratory and from the first gen-
eration in collections taken at Cin-
naminson, N.J., Cheswold, Del.,
Berlin, Md., Chambersburg, Coates-
ville, Gettysburg, Greensburg, Li-
gonier, and York, Pa., Eldorado,
Md., Springfield, Ohio, and Green-
ﬁe{id, Indianapolis, and Richmond,
Ind.

Toxophoroides albomarginatus
albomarginatus (Cresson)

The ichneumonid 7' oxophoroides
albomarginatus is distributed from
Maine and Manitoba south to North
Carolina and Arkansas (Muesebeck
et al. 7951). It belongs to a group
that are internal parasites of
Lepidoptera. It has been reported
as a parasite of four species—one
each in the families Gelechiidae,
Tortricidae, Olethreutidae, and
Phycitidae.

It is a rare parasite of the orien-
tal fruit moth. At the Moorestown
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laboratory only one specimen was
reared from this host. It emerged
from a collection of infested peach
twigs taken at Pullman, Mich., on
July 81,1937. It was identified by
R. A. Cushman at the U.S. National
Museum, and the host was verified
by a microscopic examination of
the remains.

Genus CAMPOPLEX

Several species of Campoplex are
occasionally reared from the orien-
tal fruit moth, but only one has been
named. The parasites attack lar-
vae in twigs and form their cocoons
within the host cocoon. The adults
oi this genus are easily distin-
%uished from all others reared

rom this host by the presence of
an areolet, which is closed at or
before its juncture with the radius.

Campoplex tortricidis Cushman

Cushman (1915) described Cam-
poplex tortricidis in 1915 from

arasites reared in Pennsylvania
grom Paralobesia viteana. It has
since been recorded from only one
additional host, the oriental fruit
moth (Neiswander 71936).

In the survey work at the
Moorestown laboratory tortricidis
was reared only once as a parasite
of the oriental fruit moth. It was
obtained from peach twigs col-
lected at Clemson, S.C., on June 13,
1932. The host remains were ex-
amined, and the adult was deter-
mined by R. A. Cushman at the
U.S. National Museum. The co-
coon was translucent white, with
a faint opaque-white equatorial
band.

Campoplex Spp.

Other species of Campoplex
were reared occasionally at the
Moorestown laboratory as parasites
of the oriental fruit moth. All
were obtained from collections of
infested peach twigs, out of which

this insect was the only host to
emerge, but there was no 1dentifica-
tion of host remains except for one
specimen reared in 1933. One
Campoplex species is represented
by four specimens—Oriental Fruit
Moth Investigations Nos. 2911,
2989, 3108, and 3146—from KEast
Williamson, N.Y., Lawrenceville,
N.J., and Columbus and Water-
ville, Ohio, respectively. Another
specles is represented by three
specimens—Oriental Fruit Moth
Investigations Nos. 2877, 3001, and
3002—from Commerce, Ga., and
York, S.C. Specimen No. 2880
from Bremen, Ga., is possibly the
same species. A third species is
represented by one specimen—
Oriental Fruit Moth Investigations
No. 2919—from Centralia, I1l. All
these Campoplex species were
reared in 1938, but several uniden-
tified Campoplex species were also
reared from the oriental fruit moth
in 1933 and 1945.

Genus HOROGENES

Three American Horogenes spe-
cies have been reared from the
oriental fruit moth. None of
these are important parasites of
this host, although Horogenes
obliteratus (Cresson) is common.
The Horogenes adults are moderate
sized and mostly black. They are
readily recognized by the short,
sickle-shaped, up-curved ovipositor
of the female. The wing venation
res)embles that of obliteratus (fig.
10).

Ficure 10.—Wings of Horogenes
obliteratus.
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Horogenes obliteratus (Cresson)
(Fig. 10)

Horogenes obliteratus has been
known by several names since it
was described by Cresson nearly a
hundred years ago. The first re-
corded host was Acleris minuta
(Robinson) (Weed 1887), from
which it was reared in Illinois 23
years after it was originally de-
scribed. It is best known as the
most common larval parasite of
Paralobesia wviteana, in which it
was first reported by Slingerland
(1904) from western New York
and subsequently by numerous
other workers in New York, Penn-
sylvania, Ohio, Michigan, and
Delaware.

Townes (1945) listed 14 hosts, all
Lepidoptera, of which 3 belong ta
each of the families Gelechiidae,
Tortricidae, and Olethreutidae, 2
to the Yponomeutidae, and one
each to the families Coleophoridae,
Glyphipterygidae, and Pyrausti-
dae. The hosts are small worms,
which live mostly concealed as twi
borers, leaf rollers, casebearers, an
fireworms. Several are crop pests.
The distribution as given by
Townes is from Ontario, Massachu-
setts, Virginia, and Tennessee to
Michigan, Iowa, and Missouri.

Very little has been published
regarding the biology of obliter-
atus. Porter and Garman (7923)
stated that in Anthophila pariana
(Clerck) it oviposits 1n larvae two-
thirds to full grown and emerges
from the cocoon. Gleissner (7943)
reported it as abundant in the first
generation of P. viteana near Lake
Erie, but he never found it in the
overwintering generation. Black-
burn (1946) observed that unlike
most larval parasites of the oriental
fruit moth it frequently cocooned
in moist twigs or even in tunnels
in the fruit of collected material,
from which insects were being

reared. Boyce and Dustan (1954)
found that since spraying with
DDT and parathion has become a
general practice, obliteratus is less
abundant as a parasite of the ori-
ental fruit moth in the peach-grow-
ing districts of Ontario.

The first record of obliteratus
oceurring as a parasite of this host
was in 1928 (Leonard et al. 71928).
Subsequently it has been reported
from this host in New Jersey (Drig-
gers 1929, Haeussler 1930), Ontario
(Smith 7929, Steenburgh 1931,
Boyce 1947a), Ohio (Stearns and
Neiswander 1930, Weaver 1949),
New York (Daniel 1932), Michigan
(Merritt 7933b), and Pennsylvania
and Delaware (Stearns and Amos
1941). It hasbeen reared as a para-
site of oriental fruit moth larvae
attacking peach twigs. Boyce in a
survey from 1929 to 1946 found that
in the Niagara district of Ontario
1t parasitized up to 9.5 percent of
the first-generation and 2.1 percent
of the second-generation larvae.
In southwest Ontario it was fre-
quently the most important parasite
in the first generation, particularly
from 1938 to 1941, with averages
up to 18.0 percent. Here also, rates
in the second generation were lower
and never above 4.0 percent.

In the survey work at the Moores-
town laboratory obliteratus was
found to be a larval parasite of the
oriental fruit moth in 12 States,
but nowhere as an important para-
site (table 3). H. obliteratus was
most abundant in the following
counties: Wayne and Orleans,
N.Y,, Ottawa, Ohio, Ingham, Mich.,
and Elkhart and Lawrence, Ind.
In several of these counties there
are extensive vineyards in which
obliteratus is also a common para-
site of P. witeana. From several
States where extensive surveys were
made, including Delaware, North
Carolina, South Carolina, Georgia,
Tennessee, and Missouri, obliteratus
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was not recovered, and it was un-
- common 1in Massachusetts, Con-
necticut, New Jersey, Maryland,
and Kentucky.

Horogenes rosanae (Viereck)

Horogenes rosanae was described
in 1924 from one female reared
from Archips rosana (Linnaeus)
(Viereck 1924). It has been found
only in Nova Scotia, New York,
Ontario, and Saskatchewan
(Townes in Muesebeck et al.
(1951)). Daniel (1932) reported
that in Niagara County, N.Y., from
1929 through 1931 four individuals
were reared as larval parasites of
the oriental fruit moth. Host
remains were not identified, but it
seems improbable that the host of
all four could have been any other
insect than the oriental fruit moth.
No other published records regard-
ing the hosts of this parasite have
been found.

Genus PRISTOMERUS

The three species of Pristomerus
known to be parasitic on the orien-
tal fruit moth are internal parasites
of the larvae. One of these
species—the Eurasian P. vulnerator
(Panzer)—was colonized in North
America several times. These
species issue after the host has
cocooned and spin their cocoons
beside the host remains. At least
three species—P. austrinus Townes
& Townes, P. euryptychiae Ash-
mead (fig. 11), and P. vulnerator,
which was studied in Europe by
Rosenberg (1934) in Carpocapsa
pomonella—have darkly pigmented
eggs easily located in the lightly
colored host tissues. The first-
instar larva has a whiplike caudal
segment, which makes it promi-
nently vermiform. The wing vena-
tion resembles that shown in figure
11. The head and thorax are
mostly red in the adults of P.
austrinus and P. euryptychiae.

KEY TO SPECIES OF PRISTOMERUS ATTACKING ORIENTAL FRUIT MOTH LARVAE
(Adapted from Cushman (7920))

1. Eye fully third longer than wide; ocelli large, lateral ones in female closer to-

gether than their greatest diameter, in male touching eyes; malar space barely

half as long as basal width of mandible...___..___...__._ euryptychiae Ashm.
Eye barely fourth longer than wide; ocelli smaller, lateral ones in female re-

moved from each other by their diameter, in male distinctly removed from

eyes; malar space much more than half as long as basal width of mandible

Pristomerus euryptychiae
Ashmead

(Fig. 11)

Pristomerus euryptychiae adults
have a wing venation (fig. 11, 4)
resembling that of their close rela-
tives in the genera Pristomerus and
Temelucha, but the bodies are more
robust than in 7'emelucha and they
also differ conspicuously in having
a large stout tooth near the middle
of the hindfemur (fig. 11,B). The
first-instar larva (fig. 11, £') has a
long pigmented head and an ex-

austrinus T. & T.

tremely long caudal segment. It
hatches from a black egg deposited
within the body of the host larva.
It leaves a subconical eggshell (fig.
11, D), usually found without the
anterior cap and by which it can be
identified in dissected larvae. The
cocoon, formed beside the host lar-
val remains, is dull white to faintly
tawny, sometimes with a faint
medial white band. Its sides are
parallel, and on emergence the
whole anterior end is roughly
chewed away.

P. euryptychiae is distributed
from the Atlantic Ocean to 100° W.
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F16URe 11.—Pristomerus euryptychiae: A, Wings; B, femur of hindleg; C, section
of head with enlarged ocelli, showing lateral ocellus (I o), anterior ocellus (a 0),
and eye (e) ; D, eggshell ; B, first-instar larva.

in the Upper and Lower Austral
Zones (Townes in Muesebeck et al.
(1951)). Townes (1945) listed four
hosts, to which he added five in 1951.
Other recorded hosts are Gnorimo-
schema gallaesolidaginis, and Poly-
chrosis carduana Busck (Blackburn
1944), Walshia amorphella (Brett
1946), Suleima helianthana (Sat-
terthwait 1948), and Acrobasis
caryae (Nickels et al. 1950). Most
of these are olethreutids, three are
phycitids, and one each belongs to
the families Gelechiidae and Mom-
phidae. These hosts are chiefly
crop pests. They are all small
lepidopterous larvae, such as stem
borers, fruitworms, casebearers,
seed-head feeders, or leaf rollers,
which live in protected environ-
ments.

This insect has been reported
more frequently as a parasite of the
oriental fruit moth than of any
other host. It has been reared as
a larval parasite of this host in New

Jersey (Stearns 1927, 1928, Haeus-
sler 7930, Driggers 1930a, 19300,
1932, Brunson 1940), Ohio
(Stearns and Neiswander 1930,
Neiswander and Vogel 71933, Black-
burn 1944, Weaver 19,9), New
York (Daniel 17932), Tennessee
(Butler 1932, 1933), Maryland
gMcConnell 1932, 1934), Michigan
Merritt 7933b), Delaware (Haden
1935, Stearns and Amos 1941),
Ontario (Van Steenburgh 1935;,
Virginia (Bobb 1939), and Con-
necticut (Schread et al. 7942).
When quantitative data have been
given, all authors show that euryp-
tychiae is relatively unimportant as
a parasite of the oriental fruit
moth, although it usually appears
among the six most abundant para-
sites of that host.

The extent to which Epiblema
strenuana acts as a reservoir of
this parasite in ragweed near peach
orchards has been studied by sev-
eral workers, including Allen and
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Lott (71930) in New Jersey, Penn-
sylvania, and Ohio; Montgomery
g933) in Indiana; Pepper and

riggers (193,) in New Jersey;
Haden (7935) in Delaware; and
Neiswander (7936) in Ohio. It
has been reared from overwintered
oriental fruit moths (Haeussler
1930, Driggers 1932) and from
overwintered Z. strenuana (Pepper
and Driggers 193,, Haden 1935,
Allen et al. 1940). Ishii (1940)
stated that euryptychiae, which
had been introduced into Japan as
a parasite of the oriental fruit
moth, had failed to become
established.

In the survey of the oriental
fruit moth parasites of infested
peach twigs made at the Moores-
town laboratory from 1931 to 1938,
inclusive, euryptychiae was among
the six most Important parasites,
its relative ﬁositlon varylng from
year to year between the fourth and
seventh most abundant. It was re-
covered from 18 States, from which
numerous samples were taken. It
was distributed from Massachu-
setts to Georgia and west to Illinois
and Missourl.

The average parasitization in
collections in which euryptychiae
occurred was 4.1 percent. How-
ever, the average was 8 percent or
more in such collections from New
York, Pennsylvania, .and Obhio.
Most of the highest rates of para-
sitism by this species were between
1931 and 1935 in the following
counties: Rockland, N.Y., Mercer,
N.J., Cuyahoga, Erie, Fairfield,
Franklin, Lorain, Ross,and Wayne,
Ohio, and Van Buren, Mich.
Except for Mercer and Cuyahoga
Counties, these high rates occurred
before Macrocentrus ancylivorus
had become the dominant parasite
in these counties. In individual
collections, rates in excess of 50 per-
cent were occasionally observed.
Usually the parasitism by eurypty-
chiae was low in May, moderate in

June, and higher in July and Au-
gust, but in 1936 there was consid-
erable parasitism by this species
in May.

In 1931 several hundred adults of
euryptychiae obtained from over-
wintering Z. strenuana were re-
leased at locations in Georgia, Indi-
ana, and Tennessee where this
parasite had not previously been
recovered (Allen et al. 7940). Sub-
sequently 1t was found that very
small numbers were present in the
Tennessee locality in 1930 before
the liberations were made. During
the three seasons following the
releases, euryptychiae was more
abundant at the Tennessee site than
it had been before release. In 1933,
24 percent of one lot of oriental
fruit moths collected at a liberation
site were parasitized by this species.

Pristomerus austrinus Townes &
Townes

Most of the literature on Pris-
tomerus austrinus is under the name
Pristomerus agilis (Cresson). Its
first recorded host was Acrobasis
vaccinit Riley (Franklin 7915). In
addition, Townes (7945) listed
Acrobasis caryivorella Ragonot,
Carpocapsa pomonella, Epiblema
scudderiana, and the oriental fruit
moth, and in 1951 he added Gretche-
na bolliana (Slingerland). Four of
these hosts are olethreutids and two
are phycitids. All are small Lepi-
doptera whose larvae are concealed
as fruitworms, stem borers, or case-
bearers. Townes (in Muesebeck et
al. (1951 )) stated that austrinus
is distributed from the Atlantic
Ocean to 100° W. in the Upper and
Lower Austral Zones and 1s also in
Guatemala.

Franklin (7950) found it to be a
common parasite of A. vaccinit in
Massachusetts bogs, although not
of much value since it competed
with a species of Phanerotoma.
From 1914 to 1916 the parasite was
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more common on the “dry” than the
winter-flooded bogs. The female
oviposited through a hole made in
the berry by A. vaccinii. The eggs
were deposited in the larvae and
were elongate, curved, and black.
Usually one egg was deposited to a
host, %ut as many as four were
found. The parasite overwintered
in the body of A. waccinii and
pupated during the first half of
June. Butler (7933) reared 70 as

arasites of the oriental fruit moth
n Roane County, Tenn., from 1930
to 1932.

In the survey of oriental fruit
moth parasites made at the Moores-
town laboratory austrinus was rela-
tively uncommon. A total of 18
specimens were reared as larval par-
asites of this host and were from the
following localities: Bridgeboro,
Evesboro, and Clarksboro, N.J.,
Lovingston, Va., DuPont, Ind.,
Tunnel Hill, Ill., Harriman and
Kingston, Tenn., and Kimmswick,

Illmo, Jefferson Barracks, and
Jackson, Mo. Usually only single
specimens were reared from a col-
lection, but the parasitization by
austrinus in the Tunnel Hill
sample was 15 percent.

Genus TEMELUCHA

Six described North American
species of 7'emelucha are parasites
of the oriental fruit moth. Insofar
as is known they are all solitary
parasites of the larvae, which they
probably attack when the larva 1s
small and issue after it has spun its
cocoon to form their cocoons beside
the larval remains of the host. Each
of these species has a limited num-
ber of hosts.  7". minor (Cushman),
T. forbesi (Weed), and 7. grapho-
lithae (Cushman) are abundant
enough as parasites of the oriental
fruit moth to be economically
important at times, but the other
three are only reared infrequently.

KEY TO SPECIES OF TEMELUCHA ATTACKING ORIENTAL FRUIT MOTH LARVAE

(Adapted from R. A. Cushman %)

. Areola not or barely as long as petiolar area, apical carina not nearly con-
tinuous; lower parts of abdomen rarely conspicuously pale; hindfemur red;
notaulices rarely conspicuously yellow_ _______________________________ 3

Areola much longer than petiolar area, apical carina nearly continuous; lower
part of abdomen beyond second segment conspicuously pale; hindfemur
dark with a yellow streak above and another within; mesoscutum with
median lobe black, lateral lobes red; notaulices conspicuously yellow

grapholithae (Cush.)

. Abdomen stout, second segment not or barely four times as long as broad at
base, compressed part (third segment to apex) not more than three times
as long as deep_ - _ o ________ 4

Abdomen very slender, second segment distinctly more than four times as
long as broad at base, compressed part much more than three times as long

as deep_ o _____ forbest (Weed)
. Eyes not distinctly divergent below____________________________________ 5
Eyes distinetly divergent below____ _ _____________________ carpocapsae (Cush.)

. Stigma less than half as broad as long; orbital ring complete or ground color
of head reddish .- ___________________________ . ____
Stigma fully half as broad as long; yellow orbital ring broadly interrupted by
black below and behind eyes_ _ _ _ _ ___________________________ cookii (Weed)
. Thorax predominantly black, sometimes more or less mahogany red
epagoges (Cush.)
Thorax predominantly light reddish, sometimes more or less marked with
yellow; head in front view broadly ovate, vertex distinctly arched, and

5 Personal communication dated Dec. 20, 1932.
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malar space much more than half as long as basal width of mandible; head
predominantly reddish with orbital ring indistinet; ovipositor sheath about

twice as long as first segment______-

_________________________ minor (Cush.)

7. Areola not or barely as long as petiolar area_- - - -----------------------

Areola much longer than petiolar area,

apical carina nearly continuous
grapholithae (Cush.)

8. Eyes and ocelli not conspicuously enlarged; malar space and space between
eyes and ocelli not much reduced; eyes distinctly divergent below.______--
Eyes and ocelli very large; malar space and ocellocular space very much re-

duced; eyes parallel within________-

_________________________________ 11

9. Yellow orbital ring complete; stigma less than half as broad as long-------- 10
Yellow orbital ring interrupted behind eyes; stigma more than half as broad

FY3 163 V- S

_________________________ cookii (Weed)

(0. Second abdominal segment less than four times as long as broad at base; malar
space little more than half basal width of mandible________ carpocapsae (Cush.)
Second abdominal segment more than four times as long as broad at base;
malar space nearly as long as basal width of mandible_____-_- epagoges (Cush.)
11. Second abdominal segment at least five times as long as broad at base

forbesi (Weed)

Second abdominal segment not or barely four times as long as broad at base

Temelucha minor (Cushman)
(Fig. 12)

The adult of 7emelucha minor
has a wing venation as shown in
figure 12, A. The first-instar larva
found free in the body cavity of
the host larva has a long unpig-
mented head, an extremely elongate
caudal segment, and paired ridges
encircling each segment (fig. 12, B).

The hosts of minor listed by
Townes (1945) include three ole-
threutids—the oriental fruit moth,
Epiblema  strenuana, and Rho-
pobota maevana (Hiibner)—t wo

minor (Cush.)

gelechiids, including Gnorimosche-
ma axenopsis (Meyrick), and a
nolid—Celama sorghiella (Riley).
It has also been recorded from
Isophrictis rudbeckiella Bottimer in
the flower heads of Rudbeckia (Bot-
timer 1926), from Carpocapsa po-
monella in Ontario (Boyce 19470),
and rarely from Pyrausta nubilalis
(Milliron 1953, Blickenstaff et al.
1953). Townes (in Muesebeck et
al. (1951)) stated that it is distrib-
uted from the Atlantic Ocean to
100° W., mostly in the Upper Aus-
tral Zone.

The alternate host of minor that
is most abundant near peach or-

Figure 12.—Temelucha minor: A, Wings; B, first-instar larva.
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chards is Z. strenuana. T. minor
has been reported from that host
in New Jersey (Allen and Lott
1930, Pepper and Driggers 1934),
Indiana (Montgomery 1933), On-
tario (Putnam 1935a, 1938), and
Delaware (Haden 1935). It was
found to be moderately abundant
as a parasite of E. strenuana in
both summer and overwintering
generations, but not so abundant in
E. strenuana as in the oriental fruit
moth.

7. minor has been much more fre-
quently recorded from the oriental
fruit moth than from any other
host. It has been reared from this
host in New Jersey (Stearns 1927,
1928, Haeussler 1930, Driggers
1930b), Ontario (Smith 7929,
Steenburgh 7930a, 1931, Van Steen-
burgh 17932, 1935, Van Steenburgh
anngoyce 1938, Boyce 1947b, Boyce
and Dustan 1954), Ohio (Stearns
and Neiswander 7930, Neiswander
and Vogel 71933, Neiswander 1936,
Blackburn 1944, Weaver 19,9),
Tennessee (Butler 1932, 1933), New
York (Daniel 7932, Daniel et al.
1.933%, Michigan (Merritt 1933a,
1933b), Delaware (Haden 1935,
Stearns and Amos 7941), and Mis-
souri (Wingo 1941).

In Ontario where minor is more
abundant than in most sections of
the United States, Boyce (19470)
snmmarized its relative effective-
ness against the oriental fruit moth
from 1930 to 1946. Although he
did not distinguish the several
species of 7emelucha in that area,
minor was the only abundant
species of the genus. In the Niag-
ara district, Z'emelucha, chiefly
minor, was the most common native
parasite of the first generation dur-
ing five seasons and generally the
second most abundant during the
second generation. On several occa-
sions its average parasitization of
oriental fruit moths for the season
exceeded 10 percent, and in the sec-
ond generation in 1931 its average

was 29.3 percent. Weaver (1949)
studied the parasitization by this
species in Ohio for 16 years (1932
47), and he found it the fourth
most important parasite, account-
ing for 5.8 percent of the 89,331
total parasites reared.

In the collections reared at the
Moorestown laboratory minor was
the fifth most abundant larval para-
site of the oriental fruit moth
(table 3). It was widely distrib-
uted from Connecticut to South
Carolina and west to Illinois,
Missouri, and Arkansas. The only
States where it was absent and
where a substantial number of
oriental fruit moths were collected
for rearing were Massachusetts,
Georgia, and Tennessee. In col-
lections where it occurred the aver-
age parasitization by minor was 5.8
percent. It was reared from col-
lections taken in 84 counties. It
was especially abundant in the fol-
lowing counties: Berrien and Van
Buren, Mich., Monroe, Niagara,
Orleans, and Wayne, N.Y., and
Erie, Lorain, and Ottawa, Ohio.
All are adjacent to the Great Lakes.
In Ottawa County numerous col-
lections had more than 20 percent of
the total emergents parasitized by
this species, and several exceeded 40
percent. It was abundant from
early to late June.

Temelucha forbesi (Weed)

As now recognized, 7emelucha
forbesi includes the light-colored
form referred to in the literature
as Temelucha tortricidis (Cush-
man) (Walkley #n Krombein et al.
(1958)). The distribution of for-
besi according to Townes ( 1946) is
from Ontario and Maine to South
Carolina and west to Michigan and
Missouri. Leonard et al. (1928)
stated that it was collected at the
summit of Whiteface Mountain,
N.Y,, at nearly 5,000 feet.
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7. forbesi has more known hosts
than any other Zemeclucha species
attacking the oriental fruit moth.
Townes listed 10 hosts, including 4
olethreutids, 3 tortricids, 2 gele-
chiids, and 1 coleophorid. This
group contains only small lepidop-
terous larvae that are sheltered 1n
their normal habitat as fruitworms,
stem borers, and leaf rollers. 7.
forbesi is not a common parasite
of Epiblema strenuana, although it
has been reported from it. Putnam
(1938) reported rearing a single
specimen from £. strenuana in

ntario, and in Connecticut it has
only been reared from this host
occasionally (Schread et al. 1942).
At the Moorestown laboratory it
was never reared from that host.
Haden (7935) who has reared E.
strenuana extensively in Delaware
and Bobb (1942) in Virginia never
recovered forbesi from it.

T. forbesi has been more fre-
quently reported from the oriental
fruit moth than from any other
host. It has been reared from that
host in New Jersey (Stearns 1927,
1928, Haeussler 1930, Driggers
1930b), Ohio (Stearns and Neis-
wander 1930, Neiswander 1936),
South Carolina (Eddy and Nettles
1931), New York (Daniel 1932),
Ontario (Van Steenburgh 1932,
1935, Van Steenburgh and Boyce
1.9383, Tennessee (Butler 1933),
Michigan (Merritt 1933b), Dela-
ware (Haden 1935, Stearns and
Amos 1941), and Missouri (Wingo
1941). From these reports it ap-
pears that forbesi is a widely dis-
tributed but relatively unimportant
parasite of the oriental fruit moth.

In the rearing done at the
Moorestown laboratory forbesi was
recovered as a larval parasite of
the oriental fruit moth in peach
twigs from 17 States—from Mas-
sachusetts to South Carolina and
west to Illinois, Missouri, and Ten-
nessee. It was recovered from
every State where substantial sam-

ples were taken, except Georgia.
Although among the 11 most com-
mon larval parasites (table 3), it
was relatively unimportant. In
the 192 collections where forbesi
was recovered, the 581 specimens
reared were 2.8 percent of all emer-
gents. The parasite was frequently
more abundant in May and July
than in June or August. In indi-
vidual collections parasitization
above 10 percent was uncommon.

Temelucha grapholithae
(Cushman)

Although the adults of Zemelu-
cha grapholithae are conspicuously
different from those of other
Temelucha species attacking the
oriental fruit moth, this species
was not described until 1935. It
has been reported only from Ten-
nessee, Virginia, and Delaware
(Cushman 7935, Bobb 1939, Stearns
and Amos 7947) and only as a para-
site of this host. Over a 10-year
period in Delaware, Stearns and
Amos reared 117 specimens, which
were 1.3 percent of the 9,241 para-
sites reared from this host.

From rearing work done at the
Moorestown laboratory it appears
that although not generally im-
portant, grapholithae was the only
larval parasite, except Macro-
centrus ancylivorus, that became
more abundant and widely distrib-
uted as a parasite of the oriental
fruit moth from 1930 to 1947. It
was first found in that host at San-
ford, N.C., in 1930, but despite very
extensive survey work, only 15
specimens were reared by 1937. 1In
the following year 36 were reared
and in 1941, 587. 'The parasite was
restricted to the southern part of
the range of the oriental fruit moth
and has not been recovered north of
southern New Jersey, central Vir-
ginia, and southern Illinois. It
was reared from 68 collections from
11 States from New Jersey to
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Missouri and south to Georgia.
Centers of abundance were in
Sussex County, Del., where it was
the second most important parasite
in 1941, with parasitization rates
in individual collections as high as
53 percent, and Spartanburg Coun-
ty S.C., where in individual collec-
tions parasitization from 1938 to
1944 ranged up to 41 percent. In
the 68 collections from which
grapholithae was reared, its aver-
age parasitization was 10.4 percent.

Temelucha epagoges (Cushman)

The distribution of T'emelucha
epagoges according to Muesebeck
et al. (79571) is the Upper and
Lower Austral Zones from the At-
lantic Ocean to 100° W. They
listed nine hosts, all small Lepi-
odoptera and predominantly twig
and stem borers. Five are oleth-
reutids, two tortricids, and two
momphids. In addition, Satterth-
wait and Swain (1946) reported
rearing this parasite from two
Lepidoptera, Suleima helianthana
and Homoeosoma electellum, which
feed on sunflower in Missouri.
Cushman (7927) stated that it
attacks the larva probably when
young and leaves 1t while still a
larva, and it spins a dense dark-
brown cocoon. MacCreary and
Stearns (1955) observed that the
adult is capable of sustained flight.
They captured it at a lighthouse 3
miles off the shore of Delaware and
New Jersey.

It is a common parasite of £ pib-
lema strenuana, and its occurrence
in that host has been studied by
Haden (17935) in Delaware, Put-
nam (19350, 1938) in Ontario, and
Schread et al. (7942) in Connecti-
cut. The author has also reared it
in New Jersey from both summer
and overwintering generations of
E. strenuana.

7. epagoges is an occasional para-
site of the oriental fruit moth. In
Delaware Stearns and Amos (1941)

reared four from this host over a
10-year period, and Bobb (1942)
recovered several from Botetourt
and Albemarle Counties, Va.

In the rearing work at the
Moorestown laboratory between
1930 and 1944, 30 were recovered
from the oriental fruit moth, in
two of which host remains were ex-
amined microscopically. The coun-
ties from which epagoges was re-
covered were New Haven, Conn.,
Sussex, Del., Elkhart and Knox,
Ind., Van Buren, Mich., Burling-
ton, Gloucester, and Mercer, N.J.,
Orleans, N.Y., Knox, Ottawa, and
Wayne, Ohio, Bucks, Franklin, and
Lancaster, Pa., Botetourt, Va., and
Berkeley, W. Va. It was not
reared from any of the many collec-
tions taken from North and South
Carolina, Georgia, Tennessee, I1li-
nois, or Missouri.

Temelucha carpocapsae
(Cushman)

Temelucha carpocapsae is a rare
species, which was reared from
Carpocapsa pomonella in Ohio in
1927 (Cushman 7930) and from the
oriental fruit moth also in Ohio
(Neiswander 7936). In the work
at the Moorestown laboratory it was
reared from oriental fruit moths in
infested peach twigs collected at
Cheshire, Conn., Bridgeboro and
Princeton, N.J., Danville and West
Richfield, Ohio, and Stewartstown,
Pa. In two specimens the host re-
mains were determined by micro-
scopic examination.

Temelucha cookii (Weed)

Temelucha cookii is a common
parasite of Ancylis comptana fra-
gariae. Although this host is
frequently abundant in and near
peach orchards, cookii has rarely
been recovered from the oriental
fruit moth. In the work at the
Moorestown laboratory where all
insects were isolated before emer-
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gence, one cookii specimen was
reared from infested peach twigs
collected at Tysons Corner, Va.,
four from Ridge Springs, S.C., and
one from Princeton, N.J. Unfor-
tunately the host remains were not
examined. However, since several
specimens were reared, there is only
a remote possibility that the host
was not the oriental fruit moth.

Temelucha Spp.

Two specimens of undescribed
Temelucha (Oriental Fruit Moth
Investigations Nos. 949 and 2505)
have been reared from the oriental
fruit moth. One was from a co-
coon removed from a trap band
exposed on a peach tree at Avon
Lake, Ohio, from July 21 to
September 1, 1932, and one was
from a lot of infested peach twigs
collected on July 14, 1936, at
‘Walker, N.Y. The host remains
were examined and identified as
this host.

Labrorychus prismaticus
(Norton)

Labrorychus prismaticus and the
closely related Atrometus clavipes
(Davis) adults differ from other

arasites of the oriental fruit moth
m having an extremely narrow
stigma in the forewing (fig. 13).

The distribution of presmaticus
according to Townes (1945) in-
cludes the Canadian Provinces of
Quebec and New Brunswick and
Maine, Vermont, Massachusetts,
Connecticut, and  Ohio—areas
mostly north of commercial peach
growing. Townes listed two hosts,
the tortricid Archips cerasivoranus
and the pyraustid Pyrausta peni-
talis Grote. Wishart (1943a)
found that in southwest Ontario
from about 1940 to 1942 nearly 80
percent of the pupae of the multiple
strain of Pyrausta nubilalis were
parasitized by prismaticus. He
thought the parasite’s abundance

might be associated with the pres-
ence of the common alternate host
A. cerasivoranus in the same area.

Baird (1918) observed that in
Nova Scotia 25 to 30 percent of the
larvae of A. cerasivoranus were
parasitized by prismaticus. The
parasite eggs were deposited in
the body cavity, usually near the
fourth or fifth segment. The par-
asite larvae grew very slowly until
after the host had pupated. Then
they started to feed voraciously,
always with the anal end directed
posteriorly in the host pupa.
When mature, they turned around
in the empty pupal case and pu-
pated in that position. About 10
days after pupation they emerged
and soon mated, but although main-
tained for more than 5 weeks in
breeding cages, there was no ap-
parent development of eggs. This
led the author to suspect that the
parasites overwintered as adults.

Baker et al. (1949) also reported
that prismaticus 1s an occasional
parasite of P. nubilalis. They
observed that it attacked the larva
but emerged from the pupa and
that larvae parasitized by this spe-
cies usually pupated before the non-
parasitized larvae.

At the Moorestown laboratory
four specimens of prismaticus were
reared from oriental fruit moths
collected as larvae in peach twigs
at Staunton and Monroe, Va. The
host remains of each were micro-
scopically examined. Three were
identified by R. A. Cushman at the
U.S. National Museum and three
were observed issuing from the host

pupa.
Atrometus clavipes (Davis)
(Fig. 13)

Townes (1946) indicates that
Atrometus clavipes has been re-
orted from Quebec, Ontario, Mich-
igan, New York, and Ohio. He
listed three hosts—~Psilocorsis sp.
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(an oecophorid), Acleris wvariana
(Fernald) (a tortricid), and the
oriental fruit moth (an olethreu-
tid). Stultz (1955) observed para-
sitism of the olethreutid Spilonota
ocellana (Denis & Schiffermiiller)
in Nova Scotia apple orchards,
where parasitization was seldom
over 1 percent, and also that DDT

FI6URE 13.—Wings of Atrometus clavipes.

and arsenical sprays did not
adversely affect the rate. There are
two published reports of clavipes
reared as a parasite of the oriental
fruit moth—one in Ontario (Van
Steenburgh 7935) and the other in
Ohio (Neiswander 7936).

In the rearing done at the Moores-
town laboratory 19 clavipes speci-
mens were reared as larval para-
sites of the oriental fruit moth in
peach twigs, nearly all of which
were obtained from 1933 through
1935. They were recovered from
Newburgh and Spring Valley, N.Y.,
Lawrenceville, N.J., Arendtsville
and Biglerville, Pa., Ringgold, Md.,
and Broadway, Harrisonburg,
Staunton, and Timberville, Va. In
17 parasite specimens the host re-
mains were examined microscop-
ically. Allissued from the pupa of
the oriental fruit moth.

Species in Other Families

Trichogramma minutum Riley

Trichogramma minutum, a cos-
mopolitan species of the chalcidoid
family Trichogrammatidae, occurs
in all sections of the United States
and Canada infested by the oriental
fruit moth. Martin (7928) re-
ferred to more than 150 host spe-
cies, representing the orders Meg-
aloptera, Lepidoptera, Coleoptera,
Hymenoptera, Neuroptera, Diptera,
and Hemiptera. Most of the hosts
are Lepidoptera. Muesebeck et al.
(19561) listed 110 hosts in America
north of Mexico, of which more
than half are Lepidoptera. Ento-
mologists have studied, propagated,
and liberated minutwm in many
parts of the world, and there is volu-
minous literature on their work.
The following review is restricted to
references on minutwm as a parasite

of the oriental fruit moth and in-
cludes a few related biological
studies. Several references that are
merely annual progress notes are
omitted.

One of the most detailed studies
of minutum was made by Peterson
(1930) in New Jersey. He used
the oriental fruit moth and Carpo-
capsa pomonella as hosts. He ob-
served that in New Jersey two
strains attacked the oriental fruit
moth, one with dark-colored adults
and the other, at least in midsum-
mer, with lemon-yellow females.
He was unable to hybridize the
strains, and there were recognizable
biological differences. His observa-
tions on biology were concerned
principally with the yellow strain.

He found that at midsummer
temperatures ménw¢wum females
lived for several days, but if hosts
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were abundant, they deposited most
of their eggs on the first day. This
parasite, of course, attacked and
1ssued from the host egg. Insofar
as is known it is the only species
of true egg parasite of the oriental
fruit moth. After oviposition, fe-
males sometimes appeared to feed
at the egg-laying puncture. The
parasite eggs soon hatched into
elongate larvae, which were active
for about 24 hours. After 28 hours
they became much enlarged and in-
active. Darkening of tissues about
the parasite, so characteristic of this
species, occurred after 48 hours and
emergence after 200 hours or more.
Mated females produced a small
excess of females, and unmated
females produced only males. Par-
asitism caused an immediate cessa-
tion of all development of the host,
and host eggs were successfully
attacked at any stage preceding the
development of the larval Thead
capsule.

During much of the summer the
life cycle for minutum in New Jer-
sey was 9 to 16 days, but in colder
weather it was as much as 53 days.
There was a possible maximum of
13 generations a season. Naturally
overwintering stages were not dis-
covered, but ménutum did overwin-
ter successfully outdoors in labora-
tory-parasitized eggs of the oriental
fruit moth, Anagasta Fkiikniella
(Zeller), and 7T hyridopteryex
ephemeraeformis. From one to
four parasites developed in each
oriental fruit moth egg, and one
female parasitized on an average
40.2 eggs in 1927 and 35.9 in 1928.

Van Steenburgh (1934) in ex-
periments in Ontario used three
strains of ménutum on the oriental
fruit moth. He concluded that the
parasite did not occur early enough
and in sufficient numbers to be sig-
nificant in controlling this pest.
He worked with three strains that
he considered biologically distinct
and that he was unable to cross.

They were a “gray race” from
California, a “dark” strain found
attacking the eggs of Sialis infu-
mate Newman in Ontario, and the
native yellow race that normally
attacked the oriental fruit moth in
Ontario.

In Ontario parasitism of orien-
tal fruit moth eggs did not usually
occur until early July, was more
common in eggs laid on quince than
on peach, and was usually highest
at peak host-egg production, with
average parasitization up to 23 per-
cent. In one experiment he found
that parasitism of this host’s eggs
was highest on the border of an or-
chard next to a woodland and de-
creased toward the center of the
orchard. He did not obtain any
overwintering ménutum specimens
from leaves of peach dropped in the
fall, and he failed to overwinter the
parasite outdoors in laboratory-
parasitized oriental fruit moths ob-
tained in the fall.

He found that in Ontario eight
generations of minutum were pos-
sible before the peach crop was har-
vested. He observed that adults
dispersed from a tree having only
a few host eggs. Emergence was
speeded up by increasing the light
intensity even at constant tempera-
tures. Adults ran rapidly over
leaves but also frequently took
flight, after appearing to jump sev-
eral inches clear of the leaf sur-
face. Adult activity increased
with increased light intensity. In
a very light breeze, flight was
windward, but at 3 miles per hour
or more the flying insects were
carried with the wind. Rain did not
appear to trap many insects, which
during precipitation remained shel-
tered on the undersurface of leaves.
In laboratory observations lime and
oil sprays inhibited normal para-
sitism of oriental fruit moth eggs.

Jaynes and Bynum (7941) work-
ing with Diatraea saccharalis in
Louisiana confirmed much of the
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biology of minutum reported on
other hosts. They attempted to
determine how the parasite over-
wintered. One adult was captured
in midwinter. However, they were
doubtful that either individuals of
the adult or any of the immature
stages of the parasite survived from
fal%to spring. They thought that
adults proba%ly emerged on warm
winter days and parasitized such
host eggs as were available. They
trapped several species of Lepidop-
tera between January 13 and
February 16. From 53 individ-
uals, eggs were obtained that were
parasitized by ménutum in the lab-
oratory. They found that in the
canefields minutwm adults would
disperse as far as 100 feet within
48 hours of release and that there
was very high correlation between
density of host eggs and rate of
parasitism; the rate was highest
when egg density was greatest.

T. menutum probably attacks
other hosts than the oriental fruit
moth near peach orchards earlier
in the season. Garman (1929) ob-
served parasitism of Nematus
ribesit (Scopoli) on June 4, but
the earliest parasitism of the orien-
tal fruit moth in the same season
was on July 26. Smith (7929)
noted that several adults in the
field were attracted to eggs for a
distance of one-eighth inch, and
one reversed its course and went to
an egg one-half inch away. How-
ever, most eggs seemed to be en-
countered entirely by chance.

The parasitism of oriental fruit
moths by ménutum in orchards has
been observed in Maryland (Gar-
man 1917, 1918), the District of
Columbia (Wood 7918), New Jer-
sey (Peterson 1926, 1929, Peterson
and Haeussler 7926), Connecticut
(Garman 1927, 1930b), Pennsyl-
vania (Stear 7929), Georgia (Alden
1930), South Carolina (Eddy et al.
1930, Eddy and Nettles 7931), and
Ontario (Steenburgh 7930a, 1931,

 basis for liberations,

Van Steenburgh 7932). Several of
these authors observed that méinu-
tum was absent or scarce on this
host early in the season but became
more abundant in the middle of or
late in the season and that the para-
site was rarely abundant when host
eggs were also not abundant.

There were several early attempts
to propagate minutum, some of
which appear to have been mod-
erately successful. However, large-
scale breeding was started in 1926,
when Flanders used the breeding
host Sitotroga cerealella (Olivier).
The method he devised (1927, 1928,
1929) was so spectacularly success-
ful that the parasite was soon prop-
agated by the millions in scores of
lagboratories scattered over the
world. Flanders’ system adapted
in various ways to meet local needs
was used, and except for a few
troublesome production problems
such as mite infestations, the results
were uniformly successful. As the
arasites in
Sitotroga eggs were used. The eg
were freed of trash, glued to cards,
exposed to parasites, incubated to
the pupal stage, and stored until
needed.

There were several experiments
from 1929 to 1931 on the liberation
of large numbers of laboratory-
propagated minutum against the
oriental fruit moth. Some workers
found increased rates of parasitism
after such releases, and a few im-
plied that there was an associated
reduction in fruit injury (Daniel
1930, Garman 1930b, Steenburgh
1930a, Alden and Clarke 1931,
Flint and Chandler 7937, Schread
1932). However, enthusiasm for
large liberations of minutum
against this host soon died out,
although releases were continued in
Connecticut until 1938 (Garman
1939) and in Georgia until 1944
(Alden 7944). In New Jersey in
1930 and 1931 liberations were made
in 16 blocks of peaches (Allen and
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Warren 1932), in which the results
were checked against appropriate
nonliberation blocks. There was
slightly less fruit injury in the lib-
eration blocks, but the difference
was much too small to be of eco-
nomic importance. Garman
(1933b, 1939) also reported unfa-
vorable results from experiments
on the mass liberation of ménutum.

A strain of miénutwm that was
recovered from the oriental fruit
moth in Europe in 1931 (Allen et
al. 1940) was propagated on eggs
of 7'. ephemeraeformis and in 1932
was released in 13 localities from
Massachusetts to Florida. In 1933
a black strain discovered by Haeuss-
ler (1940) in Japan failed to in-
crease on eggs of 7'. ephemeraefor-
mis in New Jersey and was lost
before suitable propagation could
be started.

Genus PERILAMPUS

The species of the genus Perilam-
pus are highly specialized chalcid-
oids of the family Perilampidae.
Smith (7912) was the first to work
out the life history of a perilampid.
He found that the peculiar, active
first-instar larva of Perilampus
hyalinus Say, termed a planidium,
after appearing on the body of a
Hyphantria caterpillar entered it
through the thin integument be-
tween segments and wandered
throughout its body without feeding
or doing any apparent damage to
its tissues.

If a larva of the tachinid parasite
Variachaeta aldrichi Townsend or
the ichneumonid Campoplex vali-
dus (Cresson) were found in the
caterpillar, P. hyalinus immediately
entered one of these secondary hosts,
where it developed as an endopara-
site. However, at the beginning of
hystolysis of the secondary host the
P. hyalinus larva emerged and com-
pleted its development as an ecto-
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parasite on the paralyzed body of
the pupa of the secondary host.
Because of a seasonal difference in
the life cycle of these two primary
parasites, P. hyalinus passed the
winter as an endoparasite in the
larva of C. validus and as an ecto-
parasite within the puparium of V.
aldrichi. Smith found no evidence
that P. hyalinus was ever a primary
parasite of the lepidopterous host.

Several years later he (1917)
found that Perilampus chrysopae
Crawford deposited eggs near its
host and that these hatched into the
planidia that attached themselves
to the larvae of passing hosts. He
noted that the planidia might re-
main alive awaiting a host for as
long as 17 days.

Clancy (1946a) published excel-
lent illustrations of all stages of P.
chrysopae and a review of the bio-
logical information on the genus
Perilampus. There are many rec-
ords of parasitism by species of
Perilampus on Lepidoptera. How-
ever, Clancy observed that primary
parasitism in this genus has been
demonstrated only for P. chrysopae
and one FEuropean species. He
found furthermore that P. chry-
sopae will parasitize several species
of Chrysopa, but that although
they attach themselves readily to
Chrysopa majuscula Banks, they
fail to develop in it, although the
planidia remain attached for sev-
eral days. A review of his study of
P. chrysopae follows.

The adults lived 20 to 58 days,
with a preoviposition period of 3 to
11 days. They deposited eggs
chiefly along the midrib on the un-
dersurface of leaves. The normal
capacity of the females was esti-
mated at 200 to 500 eggs. The eggs
were reticulated and milky white,
with a stubby pedicel, and they
were attached by a sticky exudate
at the blunt end. They hatched in
4 to 6 days. There were three lar-
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val instars. The first instar, or
planidium, was sclerotized except
for a narrow ventral part, and had
a ventral sucker on which it might
erect itself or travel about by loop-
ing movements. It waved about
frantically when a leaf was dis-
turbed, and it attached itself at once
to a host with its sharp mandibles
if a passing host was touched.

Clancy %served that P. chryso-
pae always fed as an ectoparasite,
but it started developing only when
the host pupated. The host pupa
gradually became paralyzed, al-
though it remained alive for as long
as 7 days after paralysis. At this
stage parasitized pupae had a con-
spicuous glassy appearance. In
the third instar the chrysopid pupa
was rapidly reduced to a shapeless
mass, although the parasite fed
only on materials drawn through
a small feeding puncture. The
feeding period was 8 to 15 days.
The parasite left a meconium of
large, shining, cream-colored glob-
ules. Clancy was unable to in-
duce this species to attack other
primary parasites of chrysopids.
Several planidia frequently at-
tached themselves to one host larva,
but only one adult ever emerged
Of 126 P. chrysopae adults exam-
ined, 83 were females.

Three representatives of the
genus Perilampus were reared from
the cocoons of the oriental fruit
moth. Insofar as is known two
were never primaries on this host,
and the status of the third remains
undetermined. Since the planidia
of several species find their hosts
within the bodies of caterpillars,
which are not primary hosts, the
status of the parasite cannot be
determined except by breeding ex-
periments or a very detailed exam-
ination of the host remains.
Smulyan (7936) published a key
to the species of Perilampus.

Perilampus fulvicornis
fulvicornis Ashmead

Smulyan (7936) said that when
Perilampus fulvicornis fulvicornis
was reared from Lepidoptera, it
occurred only as a secondary para-
site. Muesebeck et al. (1957)
stated that it occurs from Quebec
to Florida and west to California
and British Columbia. They listed
as hosts four species of braconids,
one ichneumonid, and one tachinid.
They also listed 10 species of
Lepidoptera, chiefly small caterpil-
lars of fruitworms, stem borers,
webworms, and leaf rollers, and in-
cluding the oriental fruit moth.
The author does not know of any
of these Lepidoptera that have been
proved primary hosts.

Boyce (1941)found that in On-
tario from 1937 to 1989 Perilampus,
including fulvicornis, parasitized
16 to 72 percent of the Ascogaster
quadridentata issuing from Car-
pocapsa pomonella. He observed
that planidia bored into both para-
sitized and unparasitized larvae of
C'. pomonella but never developed
in the latter. Planidia overwin-
tered in the fat bodies of C. pomo-
nella larvae and entered Ascogaster
larvae only when they resumed
development in the spring. The
planidium issued from Ascogaster
after it had cocooned and pupated,
and it completed its development
as an external parasite within the
Ascogaster cocoon.

Nickels et al. (7950) observed that
fulvicornis occurred as a secondary
parasite of Acrobasis caryae and
Laspeyresia caryana. In addition
to the hosts mentioned by Muese-
beck et al.,, they listed five bra-

conids, one ichneumonid, and one

bethyhd, including the common
oriental  fruit moth parasites

Calliephialtes grapholithae (Cres-
son) and Phanerotoma fasciata.

P. fulvicornis was never reared
at the Moorestown laboratory as a



PARASITES OF THE ORIENTAL FRUIT MOTH 65

primary parasite of Lepidoptera.
Haeussler (7930) reared it as a
secondary parasite of the oriental
fruit moth in New Jersey. From
1930 to 1937 fulvicornis was reared
occasionally at the Moorestown
laboratory  from  twig-infestin

oriental fruit moth larvae collectec
in the following counties: Niagara,
N.Y., Washington, Md., Albemarle
and Augusta, Va., Oconee, S.C., and
Hamilton and ILawrence, Ohio.
Every examination of host remains
proved it a secondary parasite.
The primary hosts were Macrocen-
trus ancylivorus, M. delicatus,
Temelucha minor, and the in-
troduced Horogenes molestae
(Uchida).

From 1952 to 1956 parasites from
the oriental fruit moth, Grapho-
litha prunivora, and C. pomonella
larvae were reared from over a
hundred samples of unsprayed
apples taken from localities in
seven Eastern States. During this
period adults of Perilampus,
meluding fulvicornis, were reared
from Connecticut, New York, New
Jersey, Maryland, and West Vir-
ginia—167 from C. pomonella, 10
from the oriental fruit moth, and 3
from @. prunivora. An examina-
tion of the host remains proved that
none were primary parasites.
Nearly all were parasites of A.
quadridentata, but a few issued
from P. fasciata and Macrocentrus

sp.

Perilampus fulvicornis protho-
racicus Smulyan

Smulyan (7936) identified speci-
mens of Perilampus fulvicornis
prothoracicus from New Hamp-
shire, Maryland, and Louisiana to
Nebraska and Washington, and
stated that although this subspecies
was recorded as a parasite of
Carpocapsa pomonella, 1t was prob-
ably hyperparasitic on that host.

At the Moorestown laboratory it
was reared in 1936 and 1939 from
twig-infesting larvae of the oriental
fruit moth collected in Martinsburg,
W. Va,, Clearbrook, Va., and
Kimmswick, Mo. Once the primary
host was Macrocentrus delicatus.
It was probably a secondary para-
site in the other hosts, whose re-
mains were not examined.

Perilampus stygicus Provancher

Smulyan (7936) found Perilam-
pus stygicus distributed from Can-
ada through the Northeastern
States to Virginia, and in Ohio,
Kansas, and Louisiana. It is re-
corded as parasitic on Macrocen-
trus. Smulyan stated that in
Epiblema strenuana this parasite
occurs only as a hyperparasite.

At the Moorestown laboratory it
was reared, presumably as a second-
ary parasite, from the twig-infest-
ing larvae of the oriental fruit moth
from Lovingston, Va., and Hender-
son, Ky.,in 1938. The host remains
were not examined.

SPECIES THAT ATTACK COCOONS

There are at least 41 species and
subspecies of parasites that have
been reared from oriental fruit
moth cocoons, 20 of which are to be
found in 12 genera of Ichneumoni-
dae and 21 in 12 genera of Chalci-
doidea. Most of these species occur
only in North America and have
adapted themselves to the oriental
fruit moth since it became establish-

ed in the United States. Generally
these species attack several other
hosts in which they may occur more
abundantly than in this host. Some
have been reared more frequently
on this host than any other host, and
several have been found in no other
host.

In three genera—Syntomosphy-
rum, Dibrachys, and Goniozus—
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several parasite adults issue from
each host cocoon. In all other gen-
era it is unusual for more than one
adult to mature in each cocoon.
Most of the cocoon parasites develop
as ectoparasites on pupae or co-
cooned larvae of the oriental fruit
moth, but several species, including
those in Pimpla, Itoplectis, Phaeo-
genes, and the Chalcidiciae, are
endoparasites of the Fupae. No in-
ternal parasites of the cocoon
larvae have been discovered.

Nearly all the species attack the
host by piercing the cocoon and
its shelter with the ovipositor, but
Phaeogenes and possibly Goniozus
enter the cocoon to oviposit. Many
sting and permanently paralyze the
host at the time the eggs are laid,
but in some hosts paralysis does
not develop until after the parasite
eggs have hatched. Forsome para-
site species, nearly all the host indi-
viduals are successfully parasitized.
The females of other parasite
species lay eggs on many indi-
viduals, which die prematurely, and
some feed on the blood of individ-
uals that are mnot parasitized.
Where many hosts die prematurely
or are destroyed by blood-feeding
adults, the effect of the parasite on
the host population is grossly under-
estimated when it is based only on
the number of parasites that com-
plete development and emerge.

Few species (possibly none) that
are reared from oriental fruit moth
cocoons are always secondary para-
sites. However, the primaries ex-
tend in a series from those that are
always primaries to those that are
almost always secondaries.

Several species, such as Phae-
ogenes walshiae walshiae (Ash-
mead ), are known only as parasites
of Lepidoptera with habits some-
what similar to those of the oriental
fruit moth. Others, like Dibrachys
cavus (Walker), have hosts in sev-
eral orders of Insecta, and some,
including Gelis, Lymeon, and

Arachnophaga, are common para-
sites of the egg sacs of spiders.

The sex ratio varies widely be-
tween different species reared from
oriental fruit moth cocoons taken
from orchards. No males of Gelis
tenellus (Say) have ever been
reared. Males occur, but are rela-
tively uncommon in several species,
as 1n  Eurytoma appendigaster
(Swederus). The sexes are about
evenly divided in some species, and
in a few, such as Pimpla inflata
Townes, males generally greatly
outnumber females. In several
species propagated in the labora-
tory, with honey as a food and the
oriental fruit moth as a host, the
progeny of females kept in breed-
ing cages with males were largely
or entirely males. Unmated fe-
males of several species produced
only males, but in others, such as
Eupelmus limnerine Howard, at
least some of the unmated females
produced female progeny.

In the breeding tests at the
Moorestown laboratory several spe-
cies of parasites completed the life
cycle from oviposition to adult in
the extremely short period of 10 to
12 days, a much shorter time than
the minimum of 22 to 24 days
required for the oriental fruit moth
host. Adults of all the species
studied had a short preovipositional
period of not over 3 days and a long
reproductive period (frequently
well over a month), which broadly
overlapped the reproductive period
of their F; progeny and sometimes
even the F, progeny. This condi-
tion differs from that of most larval
parasites of the oriental fruit moth,
in which the life cycle is the same
length as that of the host and the
adults have an average life span of
only a few days.

It is not always possible to obtain
the adult parasite that has emerged
from an oriental fruit moth cocoon.
Identification from remains in the
cocoon is desirable. The presence
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in one cocoon of several meconial
clumps, pupal exuviae, or parasite
cocoons showing the development
of several parasites on one individ-
ual prove the occurrence of one of
three easily 1identified species.
All the chalcidoids and several of
the ichneumonids have no silken
cocoons. Several species issue only
from the host pupae, and the man-
ner of exit is characteristic, except
that no differences have been noted
between the four species of chalcids
studied by the author. In some
species the pupal remains of the
parasite are rigid and black, where-
as in others they are delicate and
membranous.

In several species the manner in
which the emerging parasite cuts
its way out is fairly distinctive.
Some species completely consume

all the soft tissue. Others leave
residues that dry up and stiffen,
mummify, or darken the host re-
mains. In several species oviposit-
ing females leave round holes
through the cocoon shelter, and in
the blood-feeding species the holes
may be bordered with the dark
stains of dried blood. Sting scars
in the host are sometimes fairly
distinctive in number and position.
Eggshell remains in Zurytoma and
Eupelmus serve to identify these
genera. Among those that form
cocoons there are specific differ-
ences in the color and texture of the
silk, the shape of the cocoon, and
where it is formed in respect to the
host remains. One species packs
its cocoon with a conspicuous ball
of gnawed fragments of silk and
of host exuvium.

Ichneumonidae
KEY TO GENERA OF ICHNEUMONIDAE ATTACKING ORIENTAL FRUIT MOTH
COCOONS

1. First segment of abdomen stalked, usually more than twice as long as basal
width o _____ 5

First segment of abdomen not stalked, usually not more than twice as long
as basal width______________________ . __ 2

2. Inner eye margins only slightly emarginate; abdominal tergites not bordered
with white apically_____________________________________________ 3

Inner eye margins conspicuously emarginate; abdominal tergites bordered
with white apically . ____________________ Ttoplectis

3. Angle in nervellus of hindwing far cephalad of middle; exserted section of
ovipositor less than half as long as abdomen_ _ ______________________ Pimpla

Angle in nervellus of hindwing not cephalad of middle; exserted section of
ovipositor more than half as long as abdomen_ __ . _____________________ 4

4. Slender species with abdomen more than twice as long as thorax; exserted
part of ovipositor much longer than abdomen___ __ Calliephialtes, Apistephialtes

More robust species with abdomen scarcely twice as long as thorax; exserted
part of ovipositor at most slightly longer than abdomen_____________ Scambus
5. Females with wings_____________________________________________. 6
Females wingless____ . ______ Gelis

6. Not wholly red; ovipositor exserted for more than length of two apical

abdominal segments__ . ____________________________________________

Wholly red except eyes and two apical abdominal segments; ovipositor ex-
serted for less than length of two apical abdominal segments_______ Phaeogenes

7. With areolet ________ ...
Without arcolet; propodeum with spines___________ _________________ Phobetes
8. Arcolet at least partially closed on side nearest wingtip__._.. . _________ 10
Arcolet open on side nearest wingtip______________________________ _____ 9
9. Thorax and abhdomen without conspicuous white markings_ ______________ 11
Thorax and abdomen with conspicuous white spots and bands.__________ Lymeon
10. Two carinae on top of first abdominal tergite; notaulices distinet._______ Mastrus
No carinae on top of first abdominal tergite; notaulices faint .- _________ Gelis
11. Section of arcolet on radius shorter than adjoining abseissae . __ ____  ____ Cryptus

Section of areolet on radius at least as long as adjoining abscissae_._____ Gambrus
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Genus SCAMBUS

The wing (fig. 14, 4) differs
from that of other ichneumonid
parasites of the oriental fruit moth,
except Calliephialtes and Apiste-
phialtes, in having the areolet
quadrate and nearly trapezoidal
without an abscissa on the radius,

the nervulus of the forewing join-
ing the median vein opposite the
basal vein, the hindwing with the
hooks on the costal margin con-
spicuous, and with the nervellus
angulate caudad of its middle.
Two species have been reared from
the oriental fruit moth.

KEY TO SPECIES OF SCAMBUS ATTACKING ORIENTAL FRUIT MOTH COCOONS

1. Tibia and tarsus of hindleg with alternating black and white rings

hispae (Harris)

Tibia and tarsus of hindleg fulvous to smoky without distinet rings

Scambus hispae (Harris)
(Fig. 14)

Since it was originally described
in 1835 Scambus hispae has been
known by several other names, and
in much of the recent literature it
has been called E'piurus indagator
(Cresson). It is a polyphagous
species, and it is chiefly a primary
parasite of Lepidoptera. Walley
(1953) reared several from Choris-
toneura pinus Freeman in Ontario.
Coppel (1947) stated that it is both
a primary and secondary parasite
of Choristoneura fumiferana in
British Columbia, and Dondale
(1954) in Nova Scotia reared it oc-
casionally from Agathis laticinctus
(Cresson), a primary parasite of
Spilonota ocellgna. Townes (1944)
listed as hosts 35 species of Lep-
idoptera, 1 tenthredinid, and 1 cyn-
ipid, and he gave distribution rec-
ords from Nova Scotia and Ontario
south to Alabama and Texas and in
British Columbia and Washington.
The lepidopterous hosts are widely
diverse in habitat, habit, and size,
ranging from leaf miners and stem
borers to large foliage-feeding
caterpillars such as the lymantriids.

Very little biological information
is available. This parasite has
been reported as attacking matured
larvae and cocooned prepupae or
pupae. Porter and Garman (1923)
stated that it oviposited within the

pterophort (Ashm.)

full-grown larva of Anthophila
pariana. Haeussler (1930) re-
ported that it occurs as an external
parasite of the oriental fruit moth,
and Dondale found the larvae ecto-
parasitic on Agathis. Cushman
(1927) observed that in Rhyaci-
onia frustrana the cocoon is a thin
silken lining within the burrow of
thehost. Several other workers ob-
served that similar cocoons are
formed when the parasite issues
from other hosts. Balduf (7937)
found that in Thyridopteryx ephe-
meraeformis two adults sometimes
issue from one host and that it
overwinters as a mature larva with-
in the chrysalis. Beacher (1947)
observed that adults reared from
Coleophora malivorella lived for 4
to 12 days when provided with food
and that the sexes were about equal
in number.

Two hispae parasites were reared
in 1934 from the cocoons of
Macrocentrus ancylivorus, a pri-
mary parasite of Ancylis compiana
fragariae collected from raspberry
ar Parry, N.J.

S. hispae has been reported as an
oriental fruit moth parasite by
Stearns (7928), McConnell (1928,
1932), Haeussler (1930), Daniel
et al. (1933), Merritt (1933b), Van
Steenburgh (7935), and Brunson
and Allen (7948). In this host the
recorded distribution includes On-
tario, New York, Michigan, New
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Jersey, and Maryland. Some of
these authors stated that it is a pri-
mary parasite of oriental fruit moth
cocoons.

In the rearing work done at the
Moorestown laboratory hispae was
not reared frequently from the
oriental fruit moth despite the fact
that it isa common parasite of num-

erous Lepidoptera occurring in the
same environment. From the thou-

sands of insectary-reared cocoons
exposed each year in New Jersey
peach orchards from 1931 to 1936,
it was reared only in 1931 and 1933.
The host remains of 13 Aéispae emer-
gents were examined and all proved
to be primary parasites.

One

FIGURE 14.—A, Wings of Scambus hispae, showing areolet (@), nervulus of forewing

and nervellus of hindwing (n), and radius

grapholithae.

(r). B, Wings of Calliephialtes
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issued from the host pupa, the
others from the prepupae. It was
never reared as a secondary para-
site of the oriental fruit moth. In
some specimens no cocoon was evi-
dent, in others there was a very
thin cocoon coextensive with the
wall of the host cocoon. Twenty-
two out of twenty-six adults reared
from the oriental fruit moth were
females.

Scambus pterophori (Ashmead)

Townes (én Muesebeck et al.
(1951)) stated that the distribu-
tion of Scambus pterophori is trans-
continental in the Canadian, Tran-
sitional, and Upper Austral Zones.
Townes (1944) recorded 1 curcu-
lionid, 1 tenthredinid, and 16
lepidopterous hosts, most of which
are stem or seed-pod borers or gall
makers in plant stems. Cushman
(1926) stated that this species be-
longs in the group of external-feed-
ing ichneumonids, in which the
female stings and permanently
paralyzes or immediately kills the
hosts, which she reaches by piercing
the enclosing plant tissues, the host
cocoon, or the pupal wall. He
stated that pterophori attacks
lepidopterous or coleopterous lar-
vae living in weed stems and also
sawfly larvae such as Ametastegia
glabrata (Fallén) when they enter
weed stems to pupate.

Hamilton (1894) found that the
pterophori larva clings by its mouth
to the curculionid larva of A/ ono-
nychus vulpeculus (Fabricius) in
the seed pods of iris. When the
host larvae are young, two or three
may be attacked in succession, but
when they are full grown, one is
sufficient. He stated that the para-
site pupates within the host cell
without forming a cocoon. Vinal
and Caffrey (1919) found the larvae
feeding through the ruptured walls
of Pyrausta nubilalis pupae. Leiby
(71922) observed that it destroys the

larvae of Gnorimoschema gallaeso-
lidaginis and pupates naked in the
gall chamber. Wilder (7927)
found that when Mompha eloisella
Clemens in evening-primrose ((Oe-
nothera) is parasitized, the parasite
overwinters as a yellowish-white
larva in a thin network of silk spun
in the feeding cavity beside the
remains of the host larva. Balduf
(1929) tfound that pterophori kills
the larvae of Achatodes zeae (Har-
ris) in its cell and spins a thin
silk cocoon. He described the full-
grown larva as yellowish white,
with a densely tuberculate cuticle
and with four sclerotized longitudi-
nal bands on the top of the head.

Several workers observed that the
adults issue through round holes
gnawed through the walls of the
plant stem, gall, or seed capsule.
Schread et al. (1942) reared it as
a parasite of overwintering £'pi-
blema strenuana in 23 towns in
Connecticut from 1939 to 1941.

At the Moorestown laboratory
one specimen of pterophori was
reared in 1932 from a common lepi-
dopterous borer in the stems of
Bidens. It emerged on April 15,
after overwintering in host material
collected on October 16. Although
pterophori occurs commonly 1n
weed-infesting insects and must be
present in considerable numbers
near peach orchards, it was rarely
reared from the oriental fruit moth.
One specimen was reared at the
Moorestown laboratory in 1945
from a small lot of peach twigs
infested with oriental fruit moths
from Liberty Corner, N.J. Gar-
man (7938) reared one specimen
from trap bands removed from
peach orchards, in which the host
was presumed to be the oriental
fruit moth.

Genera CALLIEPHIALTES
and APISTEPHIALTES

Calliephialtes and Apistephialtes
adults reared from the oriental fruit
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moth are usually large. The female
has an ovipositor that is much
longer than the abdomen. The
male is slender, with an abdomen
more than twice the length of the
thorax. The wing venation (fig. 14,
B) closely resembles that of Scam-

bus, but it differs in several respects
from that of other cocoon parasites
of the oriental fruit moth. The two
species that have been reared from
oriental fruit moth cocoons are C.
grapholithae (Cresson) and 4. var-
(atipes (Provancher).

KEY TO SPECIES OF CALLIEPHIALTES AND APISTEPHIALTES ATTACKING
ORIENTAL FRUIT MOTH COCOONS

1. Thorax fulvous; legs white with longitudinal black stripes_C. grapholithae (Cress.)
Thorax black with fulvous spots; legs usually fulvous without longitudinal
black stripes except on outside of hindtibia_______________ A. variatipes (Prov.)

Calliephialtes grapholithae
(Cresson)

(Fig. 14)

The distribution of Calliephialtes
grapholithae as reported by Muese-
beck et al. (71951) lies within the
Lower and Upper Austral Zones
and warmer parts of the Transi-
tional Zone from the Atlantic Ocean
to 100° W. (. grapholithae has
been recorded as attacking one
tenthredinid and a few species of
Lepidoptera whose larvae are
casebearers or borers in stems,
fruits, or nuts. It has been most
frequently reported as a parasite of
Laspeyresia caryana, Acrobasis jug-
landis (LeBaron), and the oriental
fruit moth, and it has also been
reared from Carpocapsa pomonella
and K'piblema strenuana.

There is a little published infor-
mation on the biology of grapho-
lithae. Several workers noted that
it attacked cocooned oriental fruit
moths. Haeussler (1930) reared it
from oriental fruit moths on quince
and observed that the parasite was
external to the host. Hamilton
(1890) observed that the parasite
issued from the prepupa of L. cary-
ana and pupated within the pupal
cell of the host in nut shucks with-
out spinning a cocoon. Bottimer
(1926) reported that the larvae de-
veloped singly in Meskea dyspter-
aria Grote and emerged from the
gall of the host.

Nickels et al. (7950) published
the most extensive biological obser-
vations yet made for this species.
They reared it as a primary para-
site of Acrobasis caryae and also
occasionally as a secondary parasite
of Agathis acrobasidis (Cushman).
They found that the adults had a
preovipositional period of 14 to 17
days. They stung and paralyzed
fourth- and fifth-instar larvae and
deposited unattached eggs, usually
one to a larva, on or near it. Four
females laid 144 eggs, with an av-
erage of 2 per day. The larvae fed
externally on the host and spun a
cocoon after leaving it. In Septem-
ber the development period from
egg to adult was 16 days, of which
about 114 days were spent in the
egg stage and 3 days as a feeding
larva.

It has been reported as a parasite
of the oriental fruit moth in New
Jersey (Stearns 7927, 1928, Haeus-
sler 7930, Brunson and Allen
1948), Ontario (Steenburgh 1931),
Michigan (Merritt 1933b), New
York (Daniel et al. 19333, and
Ohio (Neiswander 1936).

At the Moorestown laboratory
grapholithae was obtained occa-
sionally from oriental fruit moth
cocoons reared in the insectary and
exposed in peach orchards in Bur-
lington County, N.J., but in only
three of the nine seasons in which
such cocoons were exposed. It was
a fairly common parasite in one or-
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chard in 1931, occurring repeatedly
in cocoon lots exposed during late
May, June, and early July. When
host remains were examined, graph-
olithae was proved the primary
parasite of the oriental fruit moth.
It destroyed the pupa in 23 speci-
mens examined.

Apistephialtes variatipes
(Provancher)

Apistephialtes  wvariatipes has
been found in Ontario, New York,
New Jersey, Maryland, and West
Virginia (Townes in Muesebeck et
al. (7961)). From 1928 to 1934 sev-
eral workers in the Eastern Coastal
States reared it from oriental fruit
moth cocoons. Jaynes and Mar-
ucci (71947) reared it in consider-
able numbers from trap bands re-
moved from lightly sprayed apple
trees under circumstances that indi-
cate that the host must have been
Carpocapsa pomonella. 'There are
no other recorded hosts.

At the Moorestown laboratory
variatipes was reared rarely from
the oriental fruit moth and only
from overwintering cocoons. In
Burlington County, N.J., three
specimens were reared in the early
spring of 1926 and 1927 from co-
coons collected from quince during
the winter, and one specimen was
reared in 1933 from oriental fruit
moth cocoons collected on peach the
preceding fall. Adults were also
reared from cocoons collected on
peach at Farmington, Conn., in the
fall of 1932. Tts relationship to the
oriental fruit moth was proved by
examination of host remains. It
1s unquestionably a primary para-
site and apparently attacks the
prepupae.

Genus PIMPLA

The Pimpla species parasitic in
the oriental fruit moth are black
ichneumonids, in which the ex-
serted part of the ovipositor is

scarcely half the length of the abdo-
men. The nervellus of the hind-
wing (fig. 15, A4) 1is angulate
cephalad of the middle as in /zo-
plectis, but Pimpla differs from it
m having the abdominal tergites
black to the apices and the inner
eye margins only slightly emargin-
ate (fig. 16, ().

Townes (7940) recognized two
closely related species, both of
which are recorded as parasites of
the oriental fruit moth, but he was
unable to separate the males.  The
female is said to have the tibia
strongly swollen in Pimpla inflata
Townes and only moderately swol-
len in P. aequalis Provancher.
L. M. Walkley at the U.S. National
Museum examined all the Pimpla
specimens at the Moorestown lab-
oratory that were reared from the
oriental fruit moth and taken at
numerous widely separated local-
ities, and she was able to distinguish
only one species.

Pimpla aequalis Provancher

Townes (1944) listed Pimpla
aequalis as a parasite of 28 species
of Lepidoptera, including such di-
verse forms as wood borers, bag-
worms, casebearers, stem and wood
borers, fruitworms, shuckworms,
leaf rollers, and free-living foliage
feeders. In all records examined
by that author in which the mode
of parasitism was defined, aequalis
was a primary parasite that issued
from host pupae. There seems to
be some uncertainty regarding the
extensively polyphagous nature of
this parasite, since Townes (in
Muesebeck et al. (1951)) listed as
hosts only eight species of Lepidop-
tera. In both publications Townes
included the oriental fruit moth as
a host. In 1951 he stated that
aequalis was distributed from the
Atlantic Ocean to 100° W. in the
Transitional and Upper and Lower
Austral Zones. Townes (7939) ob-
served that the adults when dis-
turbed gave off a strong odor.
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Townes (1944) in his bibliogra-
phy recorded that aequalis was
reared from the oriental fruit moth
in Ontario (Smith 1929, Van Steen-
burgh 71935), Virginia (Stearns
1919), New Jersey (Haeussler
1930), Michigan (Merritt 7933b),
South Carolina (Nettles 17934),
Maryland (McConnell 793}), Dela-
ware (Haden 7935, Stearns and
Amos 1941), Ohio (Neiswander
1936), and Connecticut (Garman
1938).

Pimpla inflata Townes
(Figs. 15 and 16)

Pimpla inflata was described by
Townes (1940) from a series includ-
ing specimens from Quebec to Illi-
nois and south to Florida and Texas
and from specimens reared from
Carpocapsa  pomonella, Gretch-
ena bolliana, and the oriental fruit
moth. The last was reared at the
Moorestown laboratory. In inflata
the front tibia is conspicuously in-
flated (fig. 15, B). Townes (in
Muesebeck et al. (1951)) recorded
a distribution coextensive with that
of Pimpla aequalis and recorded
two additional hosts, Synanthedon

A

pictipes (Grote & Robinson) and
Salebria tenebrosello Hulst. The
lhosts he listed are all Lepidoptera.
Brunson and Allen (1948) reported
that inflata was one of the principal
parasites of insectary-reared co-
coons of the oriental fruit moth ex-
posed in peach trees.

At the Moorestown laboratory én-
flata was reared from oriental fruit
moth cocoons collected from peach
trees in the following counties:
Hampden, Mass., Burlington and
Mercer, N.J., and Lancaster, Frank-
Iin, and York, Pa. In the cocoons
collected in the field, parasitization
by inflata was not high, probably
because this parasite competed un-
successfully with the dominant
larval parasites. In parasite-free
cocoons exposed in peach orchards
in Burlington County, N.J., from
1932 to 1936 inflata was reared from
80 lots, in which its rate of para-
sitization among 2,461 cocoons was
8.0 percent. The highest rates of
parasitization during these 5 years
were, respectively, 47, 26, 31, 40, and
31 percent. They occurred from
late June to early August.

At the Moorestown laboratory
the remains of several hundred n-
flata insects, reared as parasites of

D
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FI6URE 15.—Pimpla inflata: A, Wings ; B, front tibia of female ; C, egg; D, tip of abdo-
men of mature larva.
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the oriental fruit moth, were ex-
amined. P. inflata always occurred
as a primary parasite attacking
young pupae. When excited, the
adults emitted a strong pungent
odor, resembling burned rubber,
quite unlike any other parasite at-
tacking the oriental fruit moth.
Adults attacked insectary-reared
cocoons when they were exposed in
unsprayed peach or apple orchards
and also when exposed in wooded
areas far removed from orchards.
Very few of the pupae that were at-
tacked in the field failed to produce
adult parasites, but in lots bred in
the laboratory a considerable num-
ber of the pupae that were stung
and permanently paralyzed received
no parasite eggs. The ratio of fe-
males to males reared from oriental
fruit moth cocoons exposed in or-
chards varied greatly. In 1956, 22
percent of 195 parasites reared were
females. In 1957, 39 percent of 201
reared in June were females, but
there were no females among the 34
reared in late July.

Adult parasites were confined
with young host pupae in glass
tubes, 4 by 1 inch, and provided
with honey and drinking water.
They appeared to mate readily and
commenced oviposition 1 to 2 days
after emergence. The longevity of
the males used in the breeding tests
averaged 13 days and the females
18 days. One female lived for 34
days. Females with progeny had an
average reproductive period of 19
days from emergence and a maxi-
mum of 31 days. Unmated females
had only male progeny. Very few
females were obtained in the propa-
gation experiments. The number
of progeny per female ranged from
5 to 25, and 4 was the maximum pro-
duced per day.

The egg (fig. 15, C') was slender
and translucent with a flexible, un-
sculptured surface. It was 0.8 by
0.2 mm. Only one mature egg
usually occurred in the uterus of the

female. In insectary-reared cocoons
the ovipositing female pierced the
cardboard covering the cocoon and
the shell of the pupa to deposit her
eggs in the semifluid body contents.
The small, black, sclerotized spots
where the pupa had been pierced
usually were located on the dorsum
of the first three abdominal seg-
ments or the posterior part of the
thorax. Pupae that had been
stung became permanently para-
lyzed a few hours after oviposition
and before the eggs hatched. The
abdomen was completely immo-
bilized and the wing pads failed to
develop, but the body contents re-
mained fresh until they were com-
pletely consumed.

Paralyzed pupae were found to
contain one or two eggs, but only
one larva matured per pupa. The
egg hatched about 1 day after ovi-
position into a free larva, which
grew rapidly and soon became se-
curely footed in the narrow poste-
rior end of the host pupa, where it
stayed during the remainder of the
feeding period. It consumed first
the tissue in the posterior part of
the host, but as it approached ma-
turity it cleaned out. all tissue, con-
suming that in the anterior end last.
The larva was full grown 5 days
after oviposition. The full-grown
larva had a subconical abdomen
(fig. 15, D) and a translucent cuti-
cle, through which the yellow-
brown internal organs could be seen
in the anterior dorsal region. There
was a row of lateral callosities, and
in the abdominal region there were
some subcuticular white flecks.
Six to eight days after oviposition
the larva pupated, and subsequently
the white pupa gradually changed
to black. Adults emerged 11 to 22
days after oviposition. However,
65 percent of the emergence oc-
curred in 12 to 14 days. Most of the
females were still reproducing after
their progeny had started to
reproduce.
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This parasite can usually be iden-
tified from remains in the host
cocoon. The parasite issues from
the host pupa, which has been care-
fully cleaned of all soft tissue. The
parasite forms no cocoon and leaves
no pupal remains in the host cocoon.
The meconial remains in the pos-
terior end of the host pupa are black
and sharply defined. The emerg-
ing parasite tears away the entire
cephalic end of the pupa and issues
through the silken end of the co-
coon. There are minor differences
in the remains in the host pupa by
which inflata may be distinguished
from the nearly related /toplectis
conquisitor (Say).

Itoplectis conquisitor (Say)
(Fig. 16)

Adults of [toplectis conquisitor
may be distinguished from the
closely related Pimpla inflata adults
by the conspicuous white apices of
the abdominal tergites and the
deeply emarginate inner eye orbits
(fig. 16, B). The wing venation is
shown in figure 16, 4.

\\"" C

FI1GURE 16.—A, Wings of Itoplectis con-
quisitor; B, outline of head of I. con-
quisitor, showing deeply emarginate
eyes; C, outline of head of Pimpla in-
flata, showing slightly emarginate eyes.
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More than a hundred years ago
Gorham (1847) found that /toplec-
tis was an important parasite of Al-
abama argillacea (Hubner). Since
then a number of other authors have
observed its habits in several hosts.
Brackett (7865) found that it de-
stroyed 15 to 20 percent of the fall
brood of A. argillacea and that it
overwintered in dead A. argillacea
pupae, but that it was rare on this
host at other seasons. Howard
(1897) published illustrations of
the adult and immature stages. He
noted that /toplectis pupated with-
in the pupae of A. argillacea with-
out forming a cocoon. Weed
(1900) observed that the adult de-
posited its eggs in the pupae or pre-
pupae of Malacosoma disstria Hiib-
ner after piercing the silk wall of
the cocoon with its ovipositor.
Weed and Fiske (71900) found that
it was the most important pupal
parasite of Malacosoma ameri-
canum (Fabricius) in New Hamp-
shire, but that it was also occasion-
ally a secondary parasite through
Hyposoter fugitivus (Say). John-
ston (1913) found that adults habit-
ually stung and fed on exuding
juices of the prepupa and pupa of
Trichoplusia ni (Hiibner) and that
other individuals were usually se-
lected for oviposition. One adult
oviposited in two cocooned larvae
and five pupae in 1 day.

Balduf (1937) reared conquisitor
females predominantly from female
pupae and males predominantly
from males of 7 hyridopteryr ephe-
meraeformis. He stated that this
parasite overwintered in this host.
There was an unusual variation (6.5
to 20 mm.) in the size of the females
that issued from 7. ephemerae-
formis. There are scores of host
records in the literature, in many
of which conquisitor is reported to
have been reared as a primary para-
site issuing from the pupa. Townes
(1944) listed as hosts 86 Lepidop-
tera of many families, 3 braconids,
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and 5 ichneumonids. Baker et al.
(1949) found that it attacked the
larva of Pyrausta nubilalis but is-
sued from the pupa. Dowden et al.
(1950) observed that it attacked the
prepupa or pupa of Choristoneura
fumiferana and emerged from the
pupa. Muesebeck et al. (1957)
stated that it is distributed from
the Atlantic Ocean to the Rocky
Mountains in the Transitional and
Upper and Lower Austral Zones.

1. conquisitor is one of the most
common and extensively polyphag-
ous parasites of Lepidoptera, with
a transcontinental range in North
America. It is a primary parasite
of scores of common. insect pests.
It is a solitary internal parasite
that attacks either prepupae or
pupae and issues from the pupae, in
which it pupates without construct-
ing a cocoon. The adult oviposits
within the host through a cocoon
wall or a sclerotized pupal case and
may feed on the blood of punctured
victims.

1. conquisitor has been recorded
as a parasite of the oriental fruit
moth by Stearns (1979, 1928),
Haeussler (1930), Haden (1935),
and Brunson and Allen (7948).
Haeussler observed that it was an
internal parasite attacking the
cocoon. The recorded distribution
as a parasite of the oriental fruit
moth includes Connecticut, New
Jersey, Pennsylvania, Delaware,
and Virginia.

1. conquisitor was reared at the
Moorestown laboratory as a para-
site of oriental fruit moth cocoons
that were collected in peach or-
chards only from Burlington
County, N.J. In 1931 it was
reared in large numbers from in-
sectary-reared cocoons exposed in
one peach orchard in Moorestown,
in which the parasitization by this
species between June 30 and Au-
gust 1 ranged from 17 to 43 percent.
It was reared from 13 lots of
cocoons from 1931 to 1933 and in

1936, and the average parasitiza-
tion in these lots was 14 percent.
It was never reared as a hyper-
parasite of the oriental fruit moth.
It was reared several times from
overwintering cocoons of this host.
Of the 88 specimens reared from
this host in the Moorestown collec-
tion, only 16 percent were females.

At the Moorestown laboratory no
life-history studies were made on
this parasite, but the remains of
several specimens that issued from
the oriental fruit moth were
studied. In all of these specimens
the parasite issued from the pupa.
Small sclerotized sting marks were
found on several specimens, usually
on the wing pads. Small round
ovipositor holes through the card-
board covering of the cocoon indi-
cated that oviposition occurred
through the cocoon shelter. No
silken cocoon was formed. The life
history of conguisitor in the orien-
tal fruit moth apparently is closely
similar to that of P. inflata. How-
ever, the pupae that were para-
sitized by conquisitor had the
meconial material more loosely
packed, and the emerging parasite
left attached to the host pupal case
a slender part of the extreme an-
terior end.

Bathythrix peregrina (Cresson)

Although Bathythrix peregrina
was described nearly 90 years ago,
little information about it has been
published. Townes (1944) gave its
synonymy and stated that it had
been found in Quebec, New Jersey,
Connecticut, and Kansas.

In 1932 one specimen was reared
from a lot of hibernating oriental
fruit moth cocoons trapped on
peach trees in late summer at East
Longmeadow, Mass., and in which
it was a parasite of Glypta rufi-
scutellaris.
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Genus MASTRUS

Four species of Mastrus have
been reared as primary or second-
ary parasites of the oriental fruit
moth. They have the first ab-

dominal segment stalked, with two
carinae on its tergite. The notau-
lices are distinct and the areolet
(fig. 17, A) is open on the side
nearest the wingtip.

KEY TO SPECIES OF MASTRUS ATTACKING ORIENTAL FRUIT MOTII COCOONS
(Adapted from Cushman (1917))

. Mesoscutum with distinet punctures_ - _ _________________________________ 2
Mesoscutum minutely granulate, without punctures or at most obscurely
punctate in male _____________________________________________ pilifrons (Prov.)
. Mesoscutum granulate, finely punctured; abdomen black; ovipositor nearly as
long as abdomen._________________________________________________ smithiz (Pack.)
Mesoscutum highly polished; abdomen usually more or less red (may be black

in male) ; ovipositor not nearly as long as abdomen__________ carpocapsae (Cush.)

Mastrus pilifrons (Provancher)
(Fig. 17)

Townes (in Muesebeck et al.
(1951)) stated that Mastrus pili-
frons is distributed transcontinen-
tally in the Transitional and Upper
Austral Zones. Although this spe-
cies has been known since 1879, it
has been found associated with only
three lepidopterous hosts. Ash-
mead (7896) reported it as a para-
site of Acronicta betulae Riley, and

Townes (1944) listed several rec-
ords of parasitism in Carpocapsa
pomonella. However, it has been
reported most frequently as a para-
site of the oriental fruit moth
(Stearns 71928, Smith 7929, Haeus-
sler 7930, McConnell 1932, 193},
Driggers 1932, Merritt 1933b, Van
Steenburgh 7935, Neiswander 1936,
Brunson and Allen 71948). It has
been reported as a parasite of this
host in Ontario, Massachusetts,
Connecticut, New York, New
Jersey, Pennsylvania, Maryland,

D

FicUure 17.—Mastrus pilifrons: A, Wings; B, first-instar larva; €, mature larva;
D, egg.
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Virginia, Ohio, and Michigan. Le-

Page and Fadigas (1944) stated

that it was the most common pupal
parasite of this host in Uruguay.

Very little of its biology is
known. Haeussler (7930) thought
that it was probably an internal
pupal parasite. Driggers (1932)
reared 1t from the hibernating gen-
eration of the oriental fruit moth.
Brunson and Allen (1948) stated
that it was a common primary para-
site of oriental fruit moth cocoons
and also occasionally a secondary
parasite. Brunson (1948) found
that it sometimes parasitized the
common oriental fruit moth para-
site Macrocentrus ancylivorus.

In 1931 and 1932 workers at the
Moorestown laboratory reared péli-
frons from oriental fruit moth co-
coons collected in peach orchards in
17 counties as follows: Massachu-
setts 1, Connecticut 2, New York 3,
New Jersey 2, Pennsylvania 4,
Maryland 1, Virginia 2, and Ohio
2. It was also reared frequently as
a parasite of insectary-reared co-
coons exposed in orchards in Burl-
ington County, N.J., from 1931 to
1936, and it occurred in successive
lots exposed from mid-April to mid-
October. It was frequently reared
from oriental fruit moth cocoons
collected late in the season and over-
wintered in the laboratory. Occa-
sionally parasitization was in ex-
cess of 20 percent, and the highest
was 50 percent. During this period
pilifrons was reared from 80 col-
lections, in which the parasitization
was 5.0 percent of the 3,797 total
parasites and hosts that emerged.
This species was rarely a secondary
parasite of the oriental fruit moth
and not once among the 61 pilifrons
specimens reared in 1931 and 1932
from field-collected cocoons. The
host remains of 135 specimens were
examined. In 128 specimens the
prepupa was destroyed, and in 7,
pilifrons issued from the pupa. In
the collection at Moorestown 62 per-

cent of the 93 mounted specimens
are females.

Considerable new information on
the biology of pilifrons was ob-
tained in 1957. Only a few speci-
mens were reared from the insec-
tary-reared cocoons that were ex-
posed, but these were from various
environments, such as neglected
peach orchards, abandoned apple
orchards, and brushy woodlands.

When adults reared from field-
exposed cocoons were confined in
glass tubes with freshly formed ori-
ental fruit moth cocoons, a moderate
rate of propagation was obtained.
Several female progeny were ob-
tained in the F, generation, but al-
though both sexes were associated
in the breeding cage, the F, genera-
tion was entirely male. The first
oviposition occurred about 2 days
after emergence. The female ovi-
posited through the cardboard wall
of the host cocoon, leaving very
small ovipositor holes through the
paper. The oriental fruit moth
prepupae on which eggs were laid
were always paralyzed. Sometimes
several black sclerotized sting marks
were visible, at other times none
were discovered.

One to several eggs were de-
posited on the integument of the
paralyzed host. The egg (fig. 17,
D) was shining translucent white
without sculpturing and was sub-
conical at one end. It had a deli-
cate, tacky membranous chorion so
that it stuck readily to the body of
the host. Active larvae hatched
from the eggs 1 or 2 days after
oviposition. Usually the number
was soon reduced to one larva to a
host.

M. pilifrons developed as an ecto-
parasite, which moved freely over
the body of the host. The newly
hatched larva (fig. 17, B) was trans-
lucent, with the tracheae and mid-
gut plainly visible. The head was
white and had well-developed an-
tennae. As the parasite feeding
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progressed the host body became
shrunken, but decomposition of soft
tissues was not evident. The more
precocious larvae completed their
feeding 5 days after oviposition.
The mature larva (fig. 17, C) was
‘about 5.6 by 1.8 mm. The head
was white with small antennae.
The thorax was opaque white with
microscopic shagreening. The ab-
domen was white and had widely
spaced subcuticular white flecks.

Cocoons were formed as early as
6 days after oviposition. Some were
thin and white, others a semiopaque,
dingy black. The texture was
parchmentlike  without woolly
threads. The cocoon sometimes was
found beside the shrunken elon-
eated remains of a partially con-
sumed prepupa, but it was more fre-
quently found in one end of the
cocoon cavity, with the partially
consumed prepupal remains at the
other end. The cocoon was usually
angular and closely fitted to the end
of the host cocoon. The individuals
that formed thin, white cocoons
pupated in 9 to 10 days and
emerged in 13 to 18 days after ovi-
position; the largest numbers
emerged on the 14th and 15th days.
The parasites with blackish heavy-
walled cocoons that were formed
during late July and August and at
the time many thin-walled cocoons
were also being formed had a much
longer life cycle. However, all of
them emerged between September
25 and October 22.

The adult parasites tore away the
end of their cocoons and usually
emerged through the silken wall at
the posterior end of the host cocoon.
In some specimens the parasite pupa
was apparently oriented toward the
host remains, blocking the anterior
end of the oriental fruit moth co-
coon. In such cocoons the emerging
parasite cut a hole through the mid-
dle of the cardboard shelter of the
cocoon. A thin, wadded pupal pel-
licle was packed in the posterior end

629265 0—62——6

of the parasite cocoon with the
meconium.

Mastrus smithii (Packard)

Mastrus smithii has been recorded
from Quebec, Maine, Connecticut,
Illinois, and Washington, and it is
parasitic on 7'richotaphe levisella
Fyles (Gelechiidae), Ametastegia
glabrata and Macremphytus tarsa-
tus (Say) (Tenthredimidae), and
Gambrus  extrematis  (Cresson)
(Ichneumonidae) (Townes 1944).
Marsh (1937) studied its biology as
a hyperparasite of Samia cecropin
Linnaeus attacking . extrematis.
In Illinois the host larvae of the
lIatter are available throughout the
year, and consequently the number
of generations of smithi/ was deter-
mined by the durationof warm
weather. Marsh observed five suc-
cessive periods of adults’ emergence.
Adults palpated parasitized S. ce-
eropia cocoons, pierced them and
the G. extrematis cocoons they con-
tained, and stung the parasite lar-
vae. Since smithii has a short ovi-
positor, only those cocoons near the
periphery of the S. cecropia cocoon
could be reached. One egg (rarely
two) was deposited in each parasite
cocoon, and the stung host larva
died within a few hours. The larva
of smithii moved freely over the
dead host, punctured the cuticle
here and there, and fed on the juices.
The period from egg to adult re-
quired about 18 days.

Garman (1938) reared smithii in
Connecticut from trap bands re-
moved from peach trees. Parasiti-
zation of the oriental fruit moth by
smithii was 4.2 percent of all
parasitism.

At the Moorestown laboratory
smithii was rarely reared as a para-
site from oriental fruit moth co-
coons. In 1932 three cocoons col-
lected at Evesboro, N.J., and one at
Westfield, Mass., were parasitized
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by this species. The parasite over-
wintered in oriental fruit moth co-
coons collected in late summer.
Two were reared as primary para-
sites, which destroyed the host pre-
pupae, and two as secondary para-
sites on undetermined primaries.

Mastrus carpocapsae (Cushman)

Mastrus carpocapsae has been re-
ported by several workers as a pri-
mary parasite of Carpocapsa pomo-
nella. It has also been reared from
Laspeyresia  caryana  (Cushman
1917) and Melissopus latiferreanus
(Dohanian 7942). It has been re-
corded by Stearns (7928) as a para-
site of the oriental fruit moth in
Pennsylvania. It has been recorded
from New Jersey, Delaware, Ken-
tucky, Nebraska, Illinois, Idaho,
and California (Townes 19}4).

Considerable data on the biology
of this species have been obtained.
Flanders (7926) observed that the
cocoons of carpocapsae were pure
white. For 50 males, the period
from egg to adult averaged 46 days.
About 3 days were spent in the egg
stage, 10 as feeding larvae, 8 to 35
as mature, resting larvae, 3 to 4 as
prepupae, and 11 to 16 as pupae.
In a battery jar 107 €. pomonella
larvae in cocoons were stung by
ovipositing females, but eggs were
deposited on only 48.

McClure (1933b) observed that
the female probed a . pomonella
cocoon with her ovipositor. When
the larva was located, she stung and
paralyzed it with a quick jab and
laid one egg near the stinging punc-
ture. The young larva rasped a
hole in the cuticle and fed moder-
ately until nearly full grown, when
the entire contents were rapidly
consumed. Two distinet sizes of
male larvae were produced. The
larger had a resting period, after
completing its feeding, of 37 to 63
days; the smaller had a resting
period of 2 to 7 days. He observed

that without light the cocoons may
remain white, but when exposed
to light, they may turn within
115 days from white to yellow,
brown, and finally black. McClure
(1933a) found that paralyzed co-
cooned larvae of (. pomonella
which had been stung by carpo-
capsae remained immobilized, but
they were alive and fresh, on an
average, for 26 days and a maxi-
mum of 73. However, in some
larvae, deterioration of tissue
started within 2 days of stinging.

Lloyd (1944), who studied the
biology of this species in California,
did not observe the two types of
life cycle described by MecClure.
Simonds (1947) was able to propa-
gate this parasite successfully on
O. pomonella larvae paralyzed by
the ovipositing female and on
hibernating larvae coddled 2 min-
utes in water at 125° F. 1In his
work the period from egg to adult
was 16 to 22 days. He was able
to obtain an increase in the pro-
portion of females to males after
long, continued breeding.

Although carpocapsae might be
expected to parasitize the oriental
fruit moth, it was never reared
from it at the Moorestown labora-
tory, and it has not been recorded
from the oriental fruit moth by any
workers since 1928.

Mastrus Sp.

Trap bands were removed on
September 19, 1932, from an or-
chard at East Longmeadow, Mass.,
and the oriental fruit moths in
them were overwintered at the
Moorestown laboratory. The fol-
lowing spring four specimens of
Mastrus sp. emerged. An examina-
tion of the host remains showed
that two were primary parasites of
oriental fruit moth prepupae and
two were secondary parasites is-
suing from cocoons of Glypta
rufiscutellaris.
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Phobetes thyridopteryx (Riley)

Phobetes thyridopteryx was de-
seribed more than 90 years ago, with
illustrations of both sexes and of
the habitat of the cocoon (Riley
1869). Riley observed that there
were five or six parasites per 7'hy-
ridopterye  ephemeraeformis and
that the cocoons formed in the host’s
pupal cases were tough and white.
Despite the fact that this parasite
has been frequently reared, some of
the observations are contradictory.
Little of its biology is known.

Although it has been rather fre-
quently reared from the pupal cases
of 7. ephemeraeformis, some
authors have considered it a pri-
mary parasite. Balduf (1937)
pointed out that it could be para-
sitic on the larvae of the common
ectoparasites of 7'. ephemeraeform-
/s and this relationship would not
readily be discovered. It is also
probable that it may be both a pri-
mary and secondary parasite of 7'.
ephemeraeformis, and in this dual
relationship it may resemble several
of the common hymenopterous par-
asites of the oriental fruit moth.
Balduf observed two pupal cases
with three cocoons in one and six
in the other arranged as described

by Riley, but the color was brown.
He also found only females, al-
though specimens from several
places in Illinois were studied.

Shaffner and Griswold (1934)
found only one parasite issuing
from each 7. ephemeraeformis
pupal case. Viereck et al. (1916)
considered it a parasite of Ztoplectis
conquisitor and Iseropus coelebs
(Walsh). Townes (in Muesebeck
et al. (1951)) stated that the dis-
tribution is transcontinental in the
Upper and Lower Austral and
Tropical Zones.

There are two published records
of parasitism in the oriental fruit
moth, one in Pennsylvania (Hae-
ussler 7930) and the other in west-
ern New York (Daniel et al. 7933),
with no supplemental information,
even as to the stage of the host at-
tacked. If thyridopteryx is ecto-
parasitic, as seems likely, it prob-
ably attacked the cocoon.

Genus GELIS

The genus Gelis has many North
American species, several of which
have been reared only from spider
egg clusters. Three species have
been reared as primary or secondary
parasites of the oriental fruit moth.

KEY TO SPECIES OF GELIS ATTACKING ORIENTAL FRUIT MOTIH COCOONS

1. Females winged__ . - .-~
Females wingless_ ... . ...
2. Wings without fuscous bands_.___...._..
Wings with fuscous bands_______._.__.

Gelis tenellus (Say)
(Fig. 18)

(Felis tenellus is the only common
ichneumonid parasite of oriental
fruit moth cocoons. It has con-
spicuous fuscous bands on the fore-
wing (fig. 18, 4), is polyphagous,
and is both a primary and a second-
ary parasite. Townes (1944) listed
39 recorded hosts, including 3 chrys-
opids, 13 Lepidoptera, 2 tenthredi-

_________________________________ 2
____________________________ apantelis Cush.
______________________________ nocuus Cush.

nids, 10 braconids, 6 ichneumonids,
and 2 chalcidoids. Townes (in
Muesebeck et al. (1951)) stated that
in North America the distribution
of tenellus is transcontinental in the
Transitional and Upper and Lower
Austral Zones. It occurs also in
the Hawaiian Islands (Timberlake
1918). The European species Gelis
areator Panzer is taxonomically in-
distinguishable, but it differs in hav-
ing both sexes and producing males
parthenogenetically.
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F1cURE 18.—Gelis tenellus: A, Wings; B,
first-instar larva; C, mature larva. (B
and C from Clancy (1946a).)

Muesebeck and Dohanian (1927)
studied the life history of tenellus
as a parasite of Apanteles melanos-
celus (Ratzeburg). The relatively
large eggs were deposited singly
within the Apanteles cocoon but
outside the body of the larva. Sev-
eral might be deposited in one co-
coon in separate attacks, but only
one (elis emerged from a cocoon.
Adults usnally laid 1 to 3 eggs per
day; the largest number deposited
by one female was 76. Adults
pierced A panteles larvae and fed on
the exuding juices, sometimes leav-
ing only shriveled remains. It was
stated that the adults might live for
several months. The egg hatched
about 2 days after deposition, and
the larval period was 6 or 7 days.
The period from egg to adult aver-
aged 22 days. This parasite hiber-
nated as a full-grown larva in the
cocoon of Apanteles. Q. tenellus
was easily reared in the laboratory.
Only females were known and they

were produced parthenogenetically.
Twelve successive generations were
reared without producing a single
male. Doner (1936) stated that the
egg was white, had a smooth shining
chorion, and was 0.2 by 0.8 mm.

Clancy (1946a) studied the life
cycle of tenellus in chrysopids and
published illustrations of the larva
(fig. 18) and pupa. His observa-
tions paralleled those of Muesebeck
and Dohanian (7927). The egg had
a delicately roughened chorion, with
faint longitudinal ridges and small
projections at each end. He ob-
served that the adult, when excited,
feigned death. Ovipositing females
stung chrysopid larvae through
their cocoons, producing paralysis
in 2 to 20 minutes. The paralysis
was permanent, though in some in-
dividuals it was not induced even
after repeated stings. Paralysis
persisted as long as 14 days. Large
numbers of chrysopids were stung
without subsequent oviposition, and
the resulting mortality often ex-
ceeded normal parasitism. The egg
was extruded at right angles to the
ovipositor and a short distance up
from the tip, so that when the ovi-
positor was withdrawn, the egg ad-
hered to the inner wall of the co-
coon. Clancy observed that feeding
by tenellus adults was much less
common on chrysopid larvae, pre-
pupae, or pupae than on their pri-
mary parasites. Both first- and
fifth-instar larvae had distinct head
capsules, which were heavily sclero-
tized in the former, and both had
distinet antennae. Larvae com-
pleted their development as ecto-
parasites, and after a quiescent pe-
riod of several days they formed a
delicate papery cocoon. The adult
emerged through a round, jagged
hole at one end of the cocoon.

G. tenellus has been recorded as
a parasite of the oriental fruit moth
in Connecticut (Garman 1930a),
New Jersey (Stearns 1928, Haeus-
sler 7930, Brunson and Allen 7948),
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Virginia (Bobb 1942), Ohio (Neis-
wander 1936), and Ontario (Van
Steenburgh 7938). Haeussler, Neis-
wander, and Brunson and Allen
each reported it as a primary and
secondary parasite of the oriental
fruit moth. Brunson (1948) found
3.1-percent parasitizatipn of Macro-
centrus ancylivorus cocoons in the
oriental fruit moth in New Jersey
in 1940 and 1.4-percent in 1945.

@. tenellus was reared only once
(1982) at the Moorestown labora-
tory from oriental fruit moth co-
coons collected in the field. How-
ever, it was reared frequently as a
primary parasite from laboratory-
reared cocoons exposed on peach
trees in Burlington County, N.J.,
from 1931 to 1936, and once each
from lots of cocoons exposed in
Franklin County, Pa., and Rock-
ingham County, Va. During these
years it issued from 64 lots of co-
coons, in which 6.6 percent of the
2,488 cocoons reared were para-
sitized by this species. The para-
sitization by tenellus in individual
collections ranged up to 75 percent.
In 83 specimens in which the exami-
nation of the host remains proved
that the oriental fruit moth was the
primary host, 52 tenellus parasites
destroyed the prepupae and 31 the
pupae. In 1932, 43 adults were
reared as overwintering parasites of
the egg clusters of gnaphosid spi-
ders collected under the bark of
peach trees at Moorestown. The
parasites formed dingy-gray co-
coons within the egg sacs. They is-
sued through a round, ragged hole
in the base of the sac—one adult
from each egg sac. No males were
ever reared at Moorestown.

In 1957 limited observations were
made on the biology of Zenellus as
a parasite of the oriental fruit moth.
Adults oviposited through the card-
board shelter of the host cocoons;
they left small round holes readily
detected by transmitted light. Host
blood frequently exuded from the

stabbed oriental fruit moth hosts
and stained the paper about the ovi-
positor holes. Probably tenellus
adults fed on this exuded blood.
There were several small experi-
ments in breeding on oriental fruit
moth prepupae and pupae. Only a
few of the hosts exposed were para-
sitized. Parasitized prepupae were
permanently paralyzed and an egg
was loosely attached to the body.
One or two days later an ectopara-
sitic larva hatched from the egg and
became full grown 5 to 6 days after
oviposition. Usually the tissues of
the host were not completely
consumed. Six to seven days after
oviposition a thin-walled, parch-
mentlike white cocoon was spun,
sometimes in the middle of the host
cocoon beside its remains or at one
end with the host remains in the op-
posite end. Pupae destroyed by this
parasite were ruptured longitudi-
nally. The adults emerged 16 to 18
days after oviposition, tearing away
the ends of their cocoons. Some
%nawed their way through the card-
oard walls of the host cocoon and
others through the soft silk at the
end. A translucent molt skin of
the last larval stage was found
packed with the meconium, but no
pupal exuvium was present.

Gelis apantelis Cushman

Nearly all the biological infor-
mation published on Gelis apan-
telis was obtained by Muesebeck and
Dohanian (1927). They studied it
as a parasite of Apanteles melanos-
celus. The eggs closely resembled
those of Gelis tenellus and were de-
posited within the 4 panteles cocoon
on the larva. The period from egg
to adult was about 18 days. The
hibernating generation remained as
full-grown larvae within the host
cocoons from August until the fol-
lowing spring. The female was
wingless and produced males when
not fertilized. The males had wings.
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This parasite has been reported
only from Massachusetts.

nly one specimen of this species
was reared at the Moorestown lab-
oratory. It emerged as a primary
parasite from the prepupa of the
oriental fruit moth in a lot of in-
sectary-reared cocoons exposed in a
peach orchard at Ringgold, Md., in
1936.

Gelis nocuus Cushman

Two specimens of Gelis nocuus
were reared as primary parasites of
the oriental fruit moth at Moores-
town, N.J. One issued from the
pupa in a lot of insectary-reared
cocoons exposed in June 1932 and
the other from the prepupa in an
overwintering cocoon collected in
October 1932. The cocoon of one
was thin and translucent white; the
other was fuscous and more firmly
constructed.  Another specimen
that was reared from oriental fruit
moth cocoons collected at Olcott,
N.Y,, in 1932 was a secondary para-
site 1ssuing from the cocoon of a
cremastinid parasite of the oriental
fruit moth.

Cryptus albitarsis albitarsis
(Say)

(Fig. 19)

The wing of the Oryptus albitar-
sis albitarsis adult differs from the
wing of other ichneumonids attack-
ing oriental fruit moth cocoons in
the shape of the areolet and because
the nervulus joins the median vein
inside the basal vein (fig. 19).

Townes (én Muesebeck et al.
(1951)) stated that albitarsis albs-
tarsis occurs from the Atlantic
Ocean to 100° W. in the Transi-
tional and Upper Austral Zones.
Although adults have been fre-
quently collected in the field, only
a few hosts—all Lepidoptera—have
been recorded. Ashmead (1897)

F16URE 19.—Wings of Cryptus albitarsis
albitarsis.

described specimens reared from
Psorosina  hammondi  (Riley).
Champlain (7922) stated that it
was reared from Sanninoidea exit-
tosa (Say) in Pennsylvania, and
Boyce (1947b) reported that it was
a primary parasite of Carpocapsa
pomonella in Ontario. It has been
recorded as a parasite of the orien-
tal fruit moth in New Jersey by
Stearns (7928) and by Haeussler
(1930),  who observed that it at-
tacked the cocoon.

At the Moorestown laboratory
albitarsis albitarsis was occasionally
reared as a primary parasite of the
oriental fruit moth, but only from
overwintering cocoons. One para-
site emerged in April 1924 from a
cocoon collected at Middletown,
N.J. Three emerged from oriental
fruit moth cocoons collected under
bark at Bridgeboro, N.J., in March
1932. Two emerged in April 1932
from cocoons collected at Vin-
cennes, Ind.

Gambrus ultimus (Cresson)
(Fig. 20)

Gambrus wltimus is a North
American species. According to
Townes (éin Muesebeck et al.
(1951)) it is transcontinentally dis-
tributed in the Upper and Lower
Austral Zones of North America.
Townes (1947) recorded that it was
adventive in Hawail. He (in
Muesebeck et al. (1951)) listed nine
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Fiecure 20.—A, Wings of Gambrus ulti-
mus; B, wings of Phaeogenes walshiae
walshiae.

hosts, all Lepidoptera, with a wide
range of size and habit. They in-
cluded casebearers, bagworms, leaf
rollers, stem borers, and fruit-
worms. Hyperparasitism has not
been recorded. Blickenstaff et al.
(1953) reared several specimens
from Pyrausta nubilalis in Iowa.
Several authors reported rearing
wltimus from Ancylis comptana
fragariae on strawberry.

Balduf (7929) stated that in Illi-
nois wltimus hibernated as a larva
within its cocoon, which was deep
brown and covered with fluffy silk.
The cocoon was formed beside the
remains of the primary host Phlyc-
taenia  tertialis Guenée. Fink
(1932) considered it the third most
important parasite of 4. comptana
fragariae in New Jersey. He stated
that the parasite oviposited within
the host larva, but it issued from
the pupa, spinning a white cocoon
near the pupal remains. When it
was reared from A. comptana
fragariae, the pupal stage was 10
to 14 days.

85

G. ultimus has been reared fre-
quently as a parasite of the oriental
fruit moth (Stearns 7928, Haeus-
sler 1930, McConnell 1932, 193},
Daniel 1932, Merritt 1933b, Gar-
man 7938, Brunson and Allen 71948).
It has been recorded from this host
in Massachusetts, Connecticut, New
York, New Jersey, Pennsylvania,
and Maryland. Haeussler reared it
from oriental fruit moth cocoons
overwintering under quince bark;
Merritt, Garman, and Brunson and
Allen reared it from cocoons col-
lected on peach trees; and McCon-
nell reared it from cocoons collected
from harvested peaches.

In 1931 and 1932 at the Moores-
town laboratory ultimus was reared
from oriental fruit moth cocoons
collected in peach orchards in the
following counties: Ham pden,
Mass., Tolland, Conn., Burlington,
N.J., and York, Pa. In 1934 it was
reared from laboratory-bred co-
coons exposed in peach orchards.
In the 17 lots from which wl¢imus
was reared, the parasitization by
this species was 3.7 percent of the
1,433 total insects reared. The
highest rate in any lot was 26 per-
cent.

At the Moorestown laboratory
ultimus was never reared as a sec-
ondary parasite, and it occurred as
a parasite of both transforming
and overwintering generations. In
the transforming generations most
of the specimens examined had at-
tacked and issued from pupae,
whereas in the hibernating genera-
tion wltimus issued from prepupae.
Seventy percent of the adults reared
from the oriental fruit moth were
females. In laboratory tests para-
site adults obtained from 4. comp-
tana fragariae readily parasitized
the oriental fruit moth. Oriental
fruit moth cocoons were attacked
in the usual manner, One to several
large ovipositor holes were readily
visible through the cardboard cov-
ering of each cocoon attacked. The



86 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

preovipositional period was not
over 2 days. When oriental fruit
moth larvae were attacked, they
were permanently paralyzed, and
one to four eggs were attached ex-
ternally to the paralyzed body. The
larva was ectoparasitic and com-
pleted its development in only 6 to
7 days after oviposition.

The full-grown larva was almost
lemon yellow, with a well-differen-
tiated white head on which there
were small antennae. The thorax
was finely roughened and the ab-
domen longitudinally creased. The
cuticle was rather opaque, but sub-
cuticular white flecks were faintly
visible. The cocoon was formed be-
side the prepupal remains or em-
bedded in the fragments of the
pupa. It was thin, white, obscurely
ovoid, and with or without sur-
rounding woolly threads. In the
hibernating generation the wall was
usually thicker and dingy gray.

The entire developmental period
from oviposition to emergence was
only 10 to 13 days. The emerging
parasite cast a thin, nearly trans-
parent pupal pellicle, which was
found packed with the meconium.
It tore away the entire end of its
cocoon and chewed up the host de-
bris that blocked its exit. This mix-
ture of silk and sclerotized frag-
ments of host pupal cases or pre-
pupal skins was left as a conspicu-
ous ball in the cocoon from which
the parasite emerged. It may
emerge from either end of the host
cocoon, and it usually cut a round
exit hole through the cardboard
cover of the cocoon.

Lymeon orbum (Say)
(Fig. 21)

The adult of ZLymeon orbum
differs from that of other species
attacking oriental fruit moth co-
coons in having the areolet small
and open toward the wingtip and

the nervulus joining the median
vein mediad of the basal vein (fig.
21, 4).

Comparatively little has been
published on the hosts and biology
of this brilliantly marked ichneu-
monid during the 120 years since it
was first described.  Cushman
(1929) listed orbum as a parasite
of spider egg sacs, of the oriental
fruit moth, and of a casebearer on
smartweed (Polygonum). Creigh-
ton (1937) recorded it as a parasite
of a cosmopterygid leaf miner of
palms. Townes (1944) stated that
1t is distributed from Maryland to
Florida and westward to Illinois
and Texas. There is little published
information on orbum as a parasite
of the oriental fruit moth. Haeus-
sler (7930) listed it as a parasite of
the oriental fruit moth in Virginia.
Brunson and Allen (7948) observed
that it usually occurred as a pri-
mary parasite when reared from
oriental fruit moth cocoons.

At the Moorestown laboratory
orbum was reared twice from gna-
phosid egg sacs collected on Janu-
ary 25, 1932. It formed a thin-
walled white cocoon within these
sacs and issued through the thin
silk base. It was also reared once
from field-collected oriental fruit
moth cocoons, and then it was a sec-
ondary parasite. It was a common
primary parasite in laboratory-
reared cocoons exposed in peach
orchards in Burlhington County,
N.J.,, and in Rockingham and
Roanoke Counties, Va. In 1957 it
was reared from cocoons exposed
in an abandoned apple orchard, in
woodlots, and in an open weedy
field bordering a woodland. Over
a period of several years the host re-
mains of 100 oriental fruit moth co-
coons from which this parasite was
reared were examined. L. orbum
issued from pupae in 77 and pre-
pupae in 23 host cocoons. In the
Moorestown collection there are 52
females and 38 males that emerged



PARASITES OF THE ORIENTAL FRUIT MOTH 87

D

Ficure 21.—Lymeon orbum: A, Wings; B, egg; C, first-instar larva; D, half-grown
larva; E, full-grown larva.

from the oriental fruit moth. In
1957 orbum was reared only as a
primary parasite, although some of
the cocoons exposed contained Ma-
crocentrus ancylivorus. From 1931
to 1986 orbum was reared from 27
lots of oriental fruit moth cocoons,
from which a total of 1,336 insects
were reared. The maximum para-
sitization by this parasite in any
lot was 60.0 percent and the average
7.6 percent.

L. orbum was propagated by ex-
posing oriental fruit moth cocoons
contalning young pupae to parasites
in glass breeding tubes. Females
oviposited through the cardboard
of the cocoon shelter; they left rela-
tively large round holes, usually
several for each cocoon attacked.
They also pierced and probed many
individuals until the area about the
wound was wet with blood. They
then fed on the exuding juices.

Numerous pupae used thus for a
blood meal were permanently para-
lyzed but were not parasitized. One
was still well preserved 11 days
after being paralyzed, but many
died soon after being bled by adult
parasites. Evidently this species
kills many more hosts than those
from which progeny are reared.
In the breeding experiment at the
Moorestown laboratory no eggs
were obtained until 4 days after
emergence. The females that were
used lived for more than a month
and remained reproductive for 35
days until the experiment was ter-
minated before they died. The ovi-
positing female paralyzed the host
and deposited, loosely attached to
its body, a beautiful pale-green egg
(fig. 21, B), which was 13 by
0.3 mm. Either pupae or prepupae
were readily parasitized, and one
to several black sclerotized sting
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marks, randomly distributed in the
middle of the host, were visible.

The eggs hatched on the first or
second day after oviposition. Usu-
ally there was only one young larva
on each host. This larva was active
and moved freely about over the
body of the host, frequently stand-
ing erect. The newly hatched larva
(fig. 21, C) was 1.3 mm. long, was
translucent white with a yellowish
digestive tract, and had a subcuticu-
lar belt of widely separated white
flecks on the abdomen. When pu-
pae were the hosts, the young para-
site larva depressed the abd%minal
wall and worked its anterior end
under the lower edge of the wing
pads. From this position it pro-
ceeded to clean out all the soft tis-
sues, which remained fresh until
consumed. The mature larvae,
which completed their feeding
about 4 days after oviposition,
ranged from 5.0 to 5.8 mm. long
and 1.3 to 1.5 mm. broad. The full-
grown larva (fig. 21, £') had small
conical antennae and five conspicu-
ous, truncate, transverse dorsal
ridges.

Cocoons were completed as early
as 5 days after oviposition. They
were thin, white, and parchment-
like. When pupae were parasitized,
the cocoons protruded from the host
pupal cases or were embedded in
pupal fragments. When the hosts
were prepupae, the completely
cleaned larval skin was usually left
at one end of the cocoon cavity, and
the parasite cocoon occupied the
other end.

The emerging parasites tore away
the end of their cocoons and usuall
issued from holes gnawed throug’K
the cardboard walls of the cocoon
shelters. The cast skin of the ma-
ture larva, but no pupal exuvium,
was found with the meconial debris.
Adults emerged 12 to 18 days after
oviposition, the largest number
within 14 to 15 days. In host ma-
terial parasitized from July 23 to

September 6 by 4 unmated females,
49 males were reared and no fe-
males. There were no hibernating
individuals or delayed emergence.

Phaeogenes walshiae walshiae
(Ashmead)

(Figs. 20 and 22)

The wing of Phacogenes walshiae
walshiae may be distinguished from
that of other ichneumonids that at-
tack oriental fruit moth cocoons by
the relatively large areolet (fig. 20,
B), which is closed on the outside
and is only a short distance from
the stigma. The female has a
slightly clavate antenna (fig. 22, B)
and a well-sheathed ovipositor (fig.
22, ('), which distinguish her from
the male.

This species has been reported as
a primary parasite of four species
of Lepidoptera. It was reared
about 1896 from the momphid
Walshia amorphella in Illinois
(Ashmead 7896) and from 1931 to
1934 as a pupal parasite of Ancylis
comptana fragariae and Epiblema
strenuana in Delaware (Haden
1935).

It has been most frequently re-
ported as a parasite of the oriental
fruit moth. It was first reared
from this host in 1918 (Wood and
Selkregg 7918) as a pupal parasite,
and it was the second most common
parasite on the oriental fruit moth
in the vicinity of Washington, D.C.
Since then it has been reported as a
parasite of the oriental fruit moth
in New Jersey, Pennsylvania, Vir-
ginia, Ohio, Maryland, and Dela-
ware (Stearns 7928, Haeussler 7930,
Stearns and Neiswander 7930, Neis-
wander 7936, McConnell 7932,
Haden 17935, Brunson and Allen
1948). Tt has not been reported
from either the northern or south-
ern sections of the United States
where peaches are grown. Several
authors noted that it was a pupal
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FIcURE 22.—Phaeogenes walshiae walshiae: A, Antenna of adult male; B, antenna
of female; C, ventral view of abdomen of female; D, ventral view of abdomen of
male; F, egg; F, newly hatched first-instar larva; @, partly developed first-instar

larva; H, full-grown larva.

parasite of the oriental fruit moth.
Haeussler observed that it was an
internal parasite, and he reared it
from cocoons collected under quince
bark. Haden found it the most
important oriental fruit moth para-
site of the third generation. He
reared it from cocoons collected
from harvested peaches.

At the Moorestown laboratory it
was most frequently reared as a
parasite of laboratory-bred oriental
fruit moth cocoons exposed in peach
orchards, but in 1936 it was also
reared from cocoons exposed in a
neglected apple orchard. It was
never reared as a secondary para-
site. Parasitism in oriental fruit
moth cocoons occurred in all months
from May through September. Of
the 60 specimens in the Moorestown
collection that were reared from the
oriental fruit moth, 75 percent were
females. From the 38 lots of
cocoons exposed in Burlington
County, N.J., from which this para-
site was reared from 1931 to 1936,
the total emergence was 2,093 para-

sites and the average parasitization
by walshiae walshiae was 8.4 per-
cent. The highest parasitization in
any lot was 31.8 percent. At
Moorestown several were reared in
1930 from first-generation galls of
E. strenuana.

The adults of walshiae walshiae
fly freely and are also agile runners,
darting about like ants. Unlike
most cocoon parasites of the orien-
tal fruit moth they do not oviposit
through the cocoon shelter, but tear
a hole through the soft silk at the
anterior end of the cocoon and
crawl into it to oviposit. The ovi-
position scars persist as small
round black spots on the pupal case.
The pupa may be pierced at nearly
any point but most frequently at
the extreme end. There was no
evidence that adults fed on the
blood of their victims. Only pupae
were attacked, and these were not
paralyzed by the adult parasites.
Usually one egg was deposited in
cach host. This lay free in the
semifluid host tissue. The egg (fig.
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22, E) was elongate, slightly
curved, translucent, and smoothly

glistening without apparent sculp-
turing. It was about 0.86 by 0.17
mm.

Alarva (fig. 22, F) hatched from
the egg 1 or 2 days after it was laid.
The larva had two fleshy palps in
the labial region, a yellow intestine,
and a conically pointed caudal seg-
ment. It soon became humpbacked
(fig. 22, ¢) and embedded in a
viscous lump of tissue, which ad-
hered tenaciously to it. Two or
three days after oviposition the
parasite larva became firmly footed
in the posterior end of the host
pupa. From this position it con-
sumed all the remaining soft tis-
sues, which stayed fresh until feed-
ing was completed. Larvae reached
maturity 5 to 6 days after oviposi-
tion. At this period they were ex-
tremely active and could flex the
segments of the cleaned-out and
distended host pupal cases enough
to roll them over flat surfaces. The
full-grown larva (fig. 22, H) had a
small head with no apparent an-
tennae, but with the labial region
conspicuously  protruding. The
thorax was sometimes lemon yellow.
The posterior end was conical, and
there were conspicuous lateral cal-
losities.

This parasite pupated in the host
pupal case without forming a co-
coon. Pupation may begin 7 to 8
days after oviposition. Parasite pu-
pae were oriented with their heads
in the anterior end of the host co-
coon. They emerged by tearing
away the anterior end of the host
pupal case and pushing out through
the end of the cocoon, which had
been ruptured several days earlier
by the ovipositing parent. Adults
emerged 12 to 17 days after the eggs

were deposited, most within 13 to
14 days.

The remains of walshiae walshiae
in the host cocoon differed only
slightly from those of Pimpla in-
flata and Itoplectis conquisitor.
The host pupal case left by walshiae
walshiae had an emergence hole that
was perceptibly ventral, and the
meconial remains were brown and
scattered. In P. inflata the entire
anterior end was torn away, and the
meconium was black and pressed
into the extreme posterior end. In
I. conquisitor there was usually a
narrow horn of the pupal case ex-
tending over the exit hole, and al-
though the meconium was scattered,
it was black.

P. walshiae walshiae was readil
propagated on the oriental fruit
moth in glass vials or in small
wooden cages. In one experiment
three mated females were kept in a
wooden cage with food and water
and supplied at frequent intervals
with oriental fruit moth cocoons
containing newly formed pupae.
Breeding was from July 30 to Sep-
tember 6, when it was terminated
before the females died. These fe-
males produced 87 females and 233
males; the rate of increase of fe-
males was twenty-ninefold. The
breeding females remained repro-
ductive for the 38 days they were
kept in the breeding cage, but their
daily rate of effective parasitiza-
tion gradually decreased from an
initial six pupae per female per day
to less than one per day. The aver-
age number of oriental fruit moth
pupae parasitized by each walshiae
walshiae female was 106. Although
males usually exceeded females in
the laboratory breeding, a satisfac-
tory increase 1n female progeny was
maintained for three successive gen-
erations.
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Chalcidoidea

KEY TO FAMILIES OF CHALCIDOIDEA ATTACKING ORIENTAL FRUIT MOTIL
COCOONS
1. Tarsus 5-jointed; foretibia armed with large curved spur; antenna with 10 or

more joints. ___ ____________ o __________
Tarsus 4-jointed ; foretibia with delicate, short, straight spur; antenna 8- or 9-

jointed - ___ ________________ . Eulophidae (Syntomosphyrum)

2. Hindfemur not greatly enlarged ________________________________________
Hindfemur much swollen_______ Chalcididae (Brachymeria, Haltichella, szlochalczs)

3. Pronotum small, frequently not visible in middle__________________________
Pronotum large_______________________________________________ 4

4. Body not metallic; posterior femur without prominent apical tooth

Eurytomidae (Furytoma)

Body metallic; posterior femur with prominent tooth distally
Torymedae (Monodontomerus)

5. Midlegs of female long and saltatorial, with very long tibial spur and with first
tarsal joint swollen
Eupelmidae (Eupelmus, Encyrtaspis, Arachnophaga, Eupelmella)
Midlegs not saltatorial; first tarsal joint not swollen

Pteromalidae (Tritneptis, Dibrachys)

EULOPHIDAE but comparatively little is known of

its biology. Several workers re-

Syntomosphyrum esurus (Riley) ported that it is a parasite of the
pupae of Alabama argillacea. How-

(Fig. 23) ard (1897) published an illustra-

tion of the adult (fig. 23), reviewed

Syntomosphyrum esurus has been  early literature, and reported rear-
reared from several common pests ing it from pupae of Hyphantria
since it was first described in 1879, cunea (Drury), but he suspected

F1cURre 23.—Adult of Syntomosphyrum esurus. (From Howard (1897).)
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that it was always a hyperparasite.
Muesebeck et al. (71951) noted its
distribution in New Brunswick,
Connecticut, New Jersey, Pennsyl-
vania, District of Columbia, West
Virginia, Georgia, Alabama, and
Texas. Their list of hosts includes
nine Lepidoptera, among which are
several of the commonest defoliat-
ing caterpillars. It has never been
reported as a hyperparasite. Sev-
eral authors observed that it is a
parasite of the pupa and that many
individuals issue from one pupa.
Howard noted that on 4. argillacea
in the Deep South the adults
emerged in the fall and spring and
even on warm winter days. How-
ard and Fiske (7911) reared it from
Nygmia phaeorrhoea (Donovan) in
New England in 1906 and in 1910,
but not in the intervening years.
It has been reported several times
as a pupal parasite of the oriental
fruit moth in New Jersey (Driggers
1929, Haeussler 1930, Driggers
1931, Brunson and Allen 798).
Driggers reared it in the laboratory
for several generations and found
that it parasitized pupae, that the
period from egg to adult was about
18 days, that 5 to 45 adults emerged
from each pupa, and that it over-
wintered in the oriental fruit moth,

from which it started to emerge the
first week in May.

S. esurus was never reared at the
Moorestown laboratory from orien-
tal fruit moths collected in the field.
In parasite-free oriental fruit moth
cocoons exposed in peach orchards
each year from 1931 to 1936, it was
reared only in 1932 and 1934. Co-
coons were attacked by this para-
site from late June to early Sep-
tember, and in the 10 collections
from which it was reared 5.0 per-
cent of the cocoons were parasitized.
In the 16 instances where host re-
mains were examined, esurus was a
primary parasite of the oriental
fruit moth and emerged from the

pupa.
EUPELMIDAE

The eupelmid parasites of the or1-
ental fruit moth, like all Chalei-
doidea, have greatly reduced wing
venation in the adults. Females
have a midleg that is conspicuously
saltatorial, with a long tibial spur
and a swollen first tarsal joint. Sev-
eral of the species may be either pri-
mary or secondary parasites of the
oriental fruit moth, but the com-
moner ones are more frequently
primaries.

KEY TO GENERA OF EUPELMIDAE ATTACKING ORIENTAL FRUIT MOTH COCOONS

1. Eyes more or less pubescent, at least in female; posterior tibia strongly com-

pressed_________________________________ . __ T oTTEY 3
Eyes not pubescent; posterior tibia not compressed______________________ 2

2. Wings much reduced, nonfunctional . ________________ T 777770 Eupelmella
Wings normal . _______________________ [T TTTTmmmmTmmTTo Eupelmus

3. Posterior margin of hindtibia expanded in thin yellow carina; female with long

black hairs on middle of scutellum
Posterior margin of hindtibia never with

_________________________ Arachnophaga

hairs on scutellum

Genus EUPELMUS

Five species and subspecies of
Fupelmus have been reared as pri-
mary or secondary parasites of the
oriental fruit moth. The adults are
small elongate chalcidoids with a
slender thorax and with metallie

e Encyriaspis
thin yellow border; female without

green or blue on the head and thor-
ax. The wings are functional. In
the females the basitarsus of the
middle leg is enlarged and the hind-
tibia is not compressed. The males
differ  conspicuously  from the
females.
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KEY TO FEMALES OF EUPELMUS ATTACKING ORIENTAL FRUIT MOTII COCOONS

1.
2
3.

Ovipositor long, in repose extending nearly half length of abdomen beyond its
10«
Ovipositor short, in repose extending only slightly beyond tip of abdomen____

. Anterior femur entirely dark brown or black__________________ allynii (French)

Anterior femur yellow with small metallic green streak on outer surface
limneriae How.

Pedicel of antenna less than twice as long as greatest width; scape not con-
spicuously carinate; sculpturing of face coarsely shallow punctate__________ 4

Pedicel of antenna at least twice as long as greatest width; scape sharply and

conspicuously carinate; sculpturing of face relatively weak

4. Apical half of ovipositor brown____.___
Apical three-fourths of ovipositor brown

Eupelmus limneriae Howard
(Figs. 24 and 25)

The first record of Eupelmus lim-
neriae is as a secondary parasite of
Hemerocampa leucostigma (J. E.
Smith) issuing from an ichneumo-
nid primary. Howard (1897) pub-
lished an illustration of the adult
(fig. 24). Muesebeck et al. (1951)
recorded it as a parasite of Homale-
dra sabalella (Chambers), Campo-
plex validus (Cresson), Ceratos-
micra  debilis (Say), and an
undetermined Macrocentrus. They
reported its distribution in Con-

spongipartus Foerst.

______________ cyaniceps cyaniceps Ashm.
__________________ cyaniceps amicus Gir.

necticut, District of Columbia,
North Carolina, and Florida. Al-
though the hosts listed seem to in-
dicate that it occurs frequently as a
secondary parasite, it has been
reared as a primary parasite of the
oriental fruit moth in South Caro-
lina (Eddy and Nettles 179371),
Maryland (McConnell 1932), and
New Jersey (Brunson 1957). Net-
tles (1934) observed that 6.8 per-
cent of all the parasites reared from
oriental fruit moth pupae collected
from fruits and spurs of peaches in
1932 were limneriae parasites.
Prior to 1956 Ulimneriae was
reared only twice from the oriental

FicURE 24.—Adult female of Eupelmus limneriae. (From Howard (1897).)
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Ficure 25.—FEupelmus limneriae: A, Egg; B, first-instar larva; C, full-grown larva.

fruit moth at the Moorestown labo-
ratory. In 1956 limneriae was the
only Eupelmus species reared fre-
quently from oriental fruit moth
cocoons. The 22 specimens reared
were all females. They were ob-
tained from several localities in
Burlington County, N.J., and com-
prised 5 percent of the parasites
reared from oriental fruit moth co-
coons. In 1957 limneriae was again
a common parasite of oriental fruit
moth  cocoons in  Burlington
County. Most of the limneriae
specimens reared from cocoons ex-
posed in orchards issued from pu-
pae and prepupae of the oriental
fruit moth, but when Macrocentrus
ancylivorus was present as a pri-
mary parasite, it was also attacked.
Only females issued from the field-
exposed cocoons. All but one of the
recoveries were from lots exposed
between May 13 and July 15. In
the lots where it occurred limnerine
was a common parasite.

. limneriae was readily propa-
gated when adults in glass tubes
were provided with food and water
and suitable host material. The

adults were active jumpers and
could hop several inches. They also
flew several feet but did not do so
freely. When exposed with oriental
fruit moth cocoons in cardboard
shelters, they oviposited through
the paper. Z. limneriae heavily
parasitized Macrocentrus cocoons
when they were exposed, but only a
few of the oriental fruit moth co-
coons exposed were also successfully
parasitized. In breeding cages un-
successful parasitism of oriental
fruit moth prepupae was common,
and many times dead parasite lar-
vae were observed beside the dried
bodies of hosts, which had died pre-
maturely. The attacks on oriental
fruit moth pupae and the prepupae
or pupae of M. ancylivorus were
usually successful. Some of the
females used in propagation tests
lived for a month or more and re-
mained reproductive throughout
this period.

The egg (fig. 25, A) was 0.46 b
0.17 mm. and had a twisted pedice
and filament and an unsculptured
chorion. Eggs were found lying
loosely on their sides on the inner
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walls of oriental fruit moth cocoons
or adhering loosely to the hosts. In
one cocoon containing an oriental
fruit moth pupa, two eggs were dis-
covered in a loose web on the inner
wall of the cocoon. When eggs
were deposited in cocoons contain-
ing oriental fruit moth prepupae,
the prepupae were paralyzed at ovi-
position ; when deposited in cocoons
containing pupae, some were para-
lyzed but several were not. When
M. ancylivorus cocoons were at-
tacked, the eggs were deposited
within the parasite cocoon. This
was accomplished apparently by
ovipositing through the cardboard
wall of the host cocoon and the
silken wall of the parasite cocoon.
Two or more eggs were frequently
deposited in the cocoon of a single
individual. About 1 day after ovi-
position the eggs hatched and the
young larvae (fig. 25, B) started
feeding as ectoparasites.

The developing larvae were able
to loop about over the body of the
host, but they were usually rela-
tively inactive and fed through nu-
merous punctures in the middle sec-
tion of the host. The darkened area
of tissue first noted there gradu-
ally spread over the entire body of
the host. Feeding was completed
about 8 to 9 days after oviposition.
The mature larva (fig. 25, C) was
robust and muddy gray, lacked con-
spicuous antennae, but had long,
sparse, wavy hairs. It averaged 2.8
by 1.0 mm. Feeding was completed
without entirely consuming the soft
tissues of the host. When oriental
fruit moth pupae were attacked, the
larvae usually fed by depressing the
ventral wall of the pupa below the
wing pads. Several larvae fre-
quently started to develop on one
host, but only one matured.

The pupae were formed beside
the host remains. They were stout,
rigid, and dull black. The emerg-
ing parasites left conspicuous frag-
ments of the heavy black pupal

629265 O—62 7

cases in parasitized cocoons beside
the remains of their hosts. Z.
limneriae appeared to issue from
M. ancylivorus cocoons at nearly
any point, and when this was ad-
jacent to the cocoon wall of the
primary host, it cut its way out at
that point. Emergence from orien-
tal fruit moth cocoons was fre-
quently through the soft silk at the
end of the cocoon. The exit hole
was fringed with gnawed-off frag-
ments of cocoon.

Host material was exposed to
limneriae in small lots and was
changed daily from June 10 to Sep-
tember 6. There was no hiberna-
tion among the parasites reared.
In the breeding lots in which un-
mated females were used there were
64 adult progeny, of which 17 per-
cent were females. In two small
breeding lots in which males were
present with breeding females, one-
third of the progeny were females.
The period from oviposition to
emergence ranged from 15 to 23
days, but the largest number of
males emerged 17 days and females
20 days after oviposition.

Eupelmus spongipartus Foerster

Lupelmus spongipartus occurs in
Furope and North America.
Muesebeck et al. (71951) stated that
it occurs in New York, Connecticut,
Pennsylvania, Maryland, and Ohio
and 1s parasitic on Apanteles
melanoscelus, Macrocentrus ancy-
livorus, and Meteorus wersicolor
(Wesmael). Muesebeck and Do-
hanian (7927) found that in A.
melanoscelus one to several eggs
were deposited by spongipartus
within the cocoon, sometimes on a
larva, but more frequently they
were attached to the inner wall by a
delicate fibrous net. They observed
that only one parasite matured in
a cocoon and that in New England
there was usually only one full gen-
eration annually in /. melanoscelus.
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The overwintering individuals
spent nearly 11 months as mature
larvae within the host cocoons.
There was also a partial generation
of transforming individuals, which
required 25 to 38 days to develop
from egg to adult. The time spent
in the various stages was 3 to 4 days
as eggs, 15 days as larvae passing
through five instars, and 12 to 14
days as pupae. Unfertilized
females oviposited readily and their
progeny were all males. Brunson
and Allen (7948) reported that
spongipartus was a primary and
secondary parasite of cocooned
oriental fruit moths.

E. spongipartus was reared more
frequently from oriental fruit moth
cocoons at the Moorestown labora-
tory than any of the other 10 species
of Eupelmidae. It occurred some-
times as a primary parasite of this
host but more frequently as a sec-
ondary. In 1932, 33 spongipartus
specimens were reared from cocoons
of this hast in collections from the
following  counties:  Hartford,
Conn., Chautauqua, Niagara, and
Orleans, N.Y., Lancaster, Washing-
ton, and York, Pa., Washington,
Md., Frederick, Va., and Ottawa,
Ohio. An examination of the host
remains revealed that 15 spongi-
partus  parasites issued from
Glypta rufiscutellaris, 5 from Ma-
crocentrus ancylivorus, 1 probably
from M. delicatus, 1 from 7Teme-
lucha minor, and 10 from undeter-
mined parasites, all from the co-
coons of primary parasites of the
oriental fruit moth located within
its cocoon. Only one issued as a
primary parasite of the pupa of
this host.

In parasite-free oriental fruit
moth cocoons exposed in peach or-
chards in Burlington County, N.J.,
from 1931 to 1936, spongipartus was
reared from 26 collections as a pri-
mary parasite. In these collections
31 spongipartus specimens were
reared from 1,389 host cocoons.

The rate of parasitization was 2.2
percent. Seventy percent of those
reared as primary parasites Kkilled
the prepupa and the remainder de-
stroyed the pupa. Adults that
emerged from Glypta and Macro-
centrus cut a large ragged hole near
the end of the cocoon. The remains
of parasitized oriental fruit moth
pupae were broadly ruptured longi-
tudinally. Among adults emerg-
ing from cocoons of this host col-
lected or exposed in the field, 88
percent were females.

Eupelmus cyaniceps cyaniceps
Ashmead

Pierce et al. (1912) recorded 18
hosts of Kupelmus cyaniceps cyani-
ceps, principally curculionids and
including Anthonomus  grandis.
Muesebeck et al. (1951) stated that
it occurs from Ontario to Florida,
and in Mississippi, Louisiana,
Texas, Arkansas, Oklahoma, Kan-
sas, and New Mexico. They listed
27 hosts, principally curculionids,
but also including 2 braconids and 4
Lepidoptera—oriental fruit moth,
Carpocapsa pomonella, T hyridop-
teryx ephemeraeformis, and Buccu-
latriz fuscicole Braun. It has also
been reared from Gnorimoschema
baccharisella Busck in California
(Tilden 1951).

The principal observations on its
biology are recorded by Pierce
(1908) and Pierce et al. (1912).
They found that it was a common
primary parasite of weevils living
in buds and stems and was also oc-
caslonally a secondary attacking the
primary parasites of the weevil
host. They noted that the egg had
a pedicel, that either the larva or
the pupa of 4. grandis may be para-
sitized, that the development period
in August was more than 26 days,
that the cast exuvium of the pupa
is brown, and that about 20 percent
of the adults examined were males.

According to B. D. Burks at the
U.S. National Museum, material in
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the U.S. National Museum labeled
“ex. L. molesta” includes one speci-
ren, August 23, 1932, from Clem-
son, S.C., (W. C. Nettles), and an-
other from the same locality, April-
May 1934. Of 16 specimens in the
second series, only 1 has a host label,
but all are presumably from the
oriental fruit moth.

In the parasite studies at the
Moorestown laboratory cyaniceps
cyaniceps was not found associated
with the oriental fruit moth until
1956, when three were reared as
primary parasites of oriental fruit
moth cocoons (Brunson 7957). In
1930 several were reared from galls
of first-generation Z'piblema strenu-
ana collected at Moorestown and
others from Grasonville, Md., and
Greenfield, Ohio. Some of these
may have been primary parasites,
but others were secondaries, issuing
from cocoons of Macrocentrus and
other unidentified species. Another
cyaniceps cyaniceps was reared
after it overwintered in a stem of
evening-primrose infested by Mom-
pha eloisella collected in October at
New Brunswick, N.J.

Eupelmus cyaniceps amicus
Girault

Eupelmus cyaniceps amicus is a
relatively common North American
parasite of Coleoptera and Lepidop-
tera, whose larvae live in galls, cells,
or tunnels in plant stems, and of
their parasites. Muesebeck et al.
(1951) stated that it occurs from
New York to Georgia and Illinois
and in Arkansas and New Mexico.
Their list of hosts includes eight
Coleoptera (bruchids, curculionids,
and scolytids), four Lepidoptera
(olethreutids and coleophorids),
and one Hymenoptera (braconid).
It has also been reared from 7'hy»i-
dopteryx ephemeraeformis (Balduf
1937), Epiblema strenuana (Cart-
wright 7935), and Acrobasis caryae
and several of its braconid, ichneu-

monid, and bethylid parasites, in-
cluding  Brachymeria  hammari
(Crawford), Calliephialtes grapho-
lithae, and Macrocentrus instabilis
(Nickels et al. 71950).

E. cyaniceps amicus has been re-
corded by several workers as a pri-
mary or secondary parasite of the
oriental fruit moth. Driggers
(1930b) found it in New Jersey
parasitizing a large number of the
Glypta cocoons that had over-
wintered in cocoons of the oriental
fruit moth. Haeussler (1930) noted
that it was a secondary parasite of
the oriental fruit moth in Virginia.
It was also reported by Stearns and
Neiswander (7930) as a parasite of
the oriental fruit moth in Ohio and
by McConnell (7932) in Maryland.
Nettles (193}) reared it as a pri-
mary parasite of oriental fruit moth
pupae collected on peach trees in
South Carolina and Brunson (1948)
as a parasite of Macrocentrus an-
cylivorus in oriental fruit moth
cocoons,

In surveys of cocoon parasitism
made by the Moorestown {)abo-ra,tory
from 1931 to 1936, cyaniceps amicus
was never abundant, and it occurred
as a primary only when the usual
primary parasites were not present.
It was reared as a primary parasite
from four lots of parasite-free ori-
ental fruit moth cocoons exposed in
peach orchards. In cocoons col-
lected from peach orchards in Mer-
cer and Monmouth Counties, N.J.,
and in Erie and Ottawa Counties,
Ohio, that contained primary para-
sites, 10 cyaniceps amicus adults
were reared, all as secondary para-
sites issuing from cocoons of M.
ancylivorus. 'The adults issued
through a round hole, which was
cut in the side of the cocoon near
one end and through which the
light-brown fragments of the cy-
aniceps amicus pupa were plainly
visible.

Twenty-five percent or more of
the adults reared by Beacher (1947)



08 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

from Coleophora malivorella were
males, but Nickels et al. (1950)
reared only females from A. caryae
and its parasites. In the collec-
tions at the Moorestown laboratory
of specimens reared from the ori-
ental fruit moth and M. ancylivorus,
there are nine females and three
males.

Eupelmus allynii (French)

Eupelmus allynii has been more
frequently mentioned in the litera-
ture than any other North Ameri-
can species of the genus. It has
been studied principally as a para-
site of the pests of wheat. Pre-
sumably its life history closely
parallels that of other species of
Eupelmus. 1t appears to have been
recognized as early as 1862, and
there are several early references to
it as a parasite of Harmolita spp.
and Phytophaga destructor (Sayg).
Kelly (1910) gave a short account
of its life history as a parasite of
P. destructor, with brief descrip-
tions of the egg, larva, and pupa.
He observed that allyni: parasitized
the pupae of Eridontomerus isoso-
mates (Riley) and that the latter
were parasites of the pupae of
allynii.

Packard (1916) published a more
detailed account of its biology as a
parasite of P. destructor, with il-
lustrations of the stalked egg, the
larva, and the pupa. He noted that
the eggs were deposited inside the
puparium between the wall and the
host larva and that about half were
fastened to the wall of the pupar-
ium in a netlike structure. He
found that the eggs hatched in 114
to 5 days and that the larvae fed
externally on the host within the
puparium and matured in 7 to 10
days. The pupae were formed
within the puparium, but in the fall
only a few transformed to adults.
After 9 to 24 days in the pupal
stage, the emerging parasites cast

the pupal skin and issued through
a round hole cut through the wall
of the puparium and the overlying
leaf sheath. Adults were observed
to fly freely, but only a few feet at
a time. After locating a puparium
in a grain stalk, they drilled into it
and oviposited. Mated females
produced progeny of both sexes.
Females deposited 58 eggs on an
average and lived for 48 to 56 days.
The same females were observed to
attack successfully both Harmolita
spp. and P. destructor.

Phillips and Poos (7921). studied
the biology of this parasite in
Harmolita and described in detail
each of the five larval instars. The
egg was deposited within the cell of
the Harmolita larva, where it was
often attached to the cell wall by a
fibrous net. As many as eight eggs
were found in one cell, but only one
adult emerged. The duration of
the stages was similar to that ob-
served by Packard. Five genera-
tions were reared in one season.
The parasite overwintered as a full-
grown larva in host cells in wheat
stubble. Mature pupae were an
intense black.

Gahan (7933) published a com-
plete bibliography, an excellent re-
view of the literature on this
species, and a redescription and il-
lustrations of the adult. He listed
29 hosts. Hill et al. (1939) con-
sidered it possibly the most impor-
tant parasite of P. destructor in the
Eastern States. They found that
in cases of multiple parasitism,
allynit usually dominated over
other species of parasites. Cham-
berlain (1941) reared one com£>lete

and one partial generation from
Harmolita  triticc  (Fitch) 1in
Ore

on.

uesebeck et al. (1951) stated
that the parasite is common
throughout the United States and
occurs in Prince Edward Island,
Ontario, and Manitoba. They listed
40 hosts, which show that allynii is
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principally a parasite of Hymenop-
tera, attackin phytophagous
species, such as Harmolita spp., and
numerous species of parasites. It
also attacks P. destructor and one
other cecidomyiid species. It has
been reared from one species of
Coleoptera and one of Orthoptera.
There are also a few records of it
as a parasite of leaf-mining, case-
bearing, or stem-boring Lepidop-
tera.

E. allynii has apparently not been
reared as a primary parasite of the
oriental fruit moth. However, it
does occur occasionally as a second-
ary parasite. In 1932 three speci-
mens were reared at the Moores-
town laboratory from oriental fruit
moth cocoons trapped in peach or-
chards. One issued from a cocoon
of Glypta rufiscutellaris taken at
Olcott, N.Y., one from a cocoon of
Macrocentrus, presumably delica-
tus, from Smithburg, Md., and the
third from the cocoon of an unde-

99

termined hymenopterous parasite
from Neffsville, Pa.

Genus ARACHNOPHAGA

Three species of the genus Arach-
nophaga attack the oriental fruit
moth or its primary parasites.
They are not abundant and very lit-
tle information has been obtained
on their biology as parasites of this
host. Clancy (1946a) described the
habits and immature stages of the
closely related Arachnophaga picea
(Riley) as a parasite of chrysopid
cocoons. He found that the adult
oviposited within the host cocoon
and fed on exuding juices at sting-
ing punctures made in the host.
The larva fed externally, at first
looping about and feeding at sev-
eral places but later at only one. In
chrysopids as many as three adults
emerged from one cocoon. The life
cycle from egg to adult was 23 to
44 days. The parasite pupated
within the host cocoon.

KEY TO FEMALES OF ARACHNOPHAGA ATTACKING ORIENTAL FRUIT MOTH
COCOONS

(Adapted from Gahan (1943))

1. Apex of costal cell densely ciliated distad of point where submarginal vein

begins to curve toward anterior margin of wing

Apex of costal cell bare except for row of slender, straight hairs on ventral
surface adjacent to curve of submarginal vein_________________ frontalis Gahan
2. Mesoscutum nearly uniformly dense punctate, dull_____________ longiceps (Brues)
Mesoscutum with concave posterior part and scapula less strongly sculptured

than prescutum_.__________________

Arachnophaga frontalis Gahan

Gahan (1943) recorded the rear-
ing of Arachnophaga frontalis from
oriental fruit moths from Moores-
town, N.J., from 7hyridopteryx
meadii Hy. Edwards from Arizona,
from Anarsia lineatella from Utah,
and as a parasite of Macrocentrus
cocoons, spider clusters, and chryso-
pid cocoons. When reared from
oriental fruit moth cocoons contain-
ing larval parasites, frontalis was
obtained only three times as a
proved primary parasite of the ori-

_________________________ costalis Gahan

ental fruit moth and 35 times as a
secondary parasite on Macrocentrus
ancylivorus and other parasite spe-
cies (Brunson and Allen 798).
A. frontalis was reared from
gnaphosid egg sacs collected at
Moorestown, N.J., on January 25,
1932. At the Moorestown labora-
tory frontalis was also reared from
oriental fruit moth cocoons collected
in Hartford County, Conn., and
Rockingham County, Va., and from
laboratory-bred cocoons exposed in
peach orchards in Burlington



100 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

County, N.J. In cocoons trapped in
the orchard where larva parasites
and the oriental fruit moth were
both present, frontalis was much
more frequently reared as a sec-
ondary than as a primary parasite.

It was reared in moderate num-
bers from laboratory-bred oriental
fruit moth cocoons exposed in peach
orchards in Burlington County,
N.J., from 1931 to 1936 and from
1956 to 1957. Either the prepupa or
the pupa was successfully attacked,
and in more than 50 specimens in
which the host remains were exam-
ined, the number reared from each
was about equal. It was reared
from transforming cocoons exposed
in June, July, and August and from
overwintering cocoons exposed in
September.

On the oriental fruit moth, fron-
talis developed as an ectoparasite.
The soft tissues of parasitized pre-
pupae or pupae were not entirely
consumed. When pupae were at-
tacked, they were broadly depressed
or ruptured, usually longitudinally
on the ventral aspect. Naked pupae
were formed beside the body of the
host. Once pupation occurred
within the host pupal case. When
the oriental fruit moth was the
host, emerging frontalis left con-
spicuous fragments of the thick
black pupal case, and it cut its way
out, either through the thin silk at
the end of the cocoon or the card-
board walls of its shelter. Adults
that emerged from M. ancylivorus
left the pupal fragments within the
parasite cocoon, and they cut a large
round hole on its side just caudad of
the circular opercular area, which
was not disturbed.

Males of this species are uncom-
mon. Gahan (1943) found 1 among
the 33 specimens included in the
type series. All 41 specimens in the
Moorestown collection that were
reared from the oriental fruit moth
or M. ancylivorus are females.

Arachnophaga costalis Gahan

Two of the three specimens of
Arachnophaga costalis listed by
Gahan (7943) were reared at the
Moorestown laboratory. One of
these, selected as the type, was ob-
tained from oriental fruit moth co-
coons collected in a peach orchard
at Salisbury, Md., not Moorestown,
N.J., as stated by Gahan. The
other was reared from cocoons col-
lected at Berlin, Md. This uncom-
mon species was obtained only from
these two places in eastern Mary-
land and from oriental fruit moth
cocoons collected in peach orchards
from 1929 to 1932. One of the two
specimens reared at Moorestown
was a primary parasite issuing from
the pupa of the oriental fruit moth,
and the other was a secondary issu-
ing from a cocoon of Macrocentrus
ancylivorus.

Arachnophaga longiceps (Brues)

Gahan (1943) stated that from a
single chrysalis of Papilio sp. col-
lected at Brownsville, Tex., in 1938,
30 females and 7 males of Arachno-
phaga longiceps were reared. At
the Moorestown laboratory longi-
ceps was reared once from the ori-
ental fruit moth. An examination
of the host remains proved that this
specimen was a primary parasite.
It issued from a pupa of the ori-
ental fruit moth in one lot of lab-
oratory-bred cocoons that were ex-
posed in a peach orchard in June
1936.

Eupelmella vesicularis (Retzius)

Eupelmella vesicularis, a small
European eupelmid, has been known
to entomologists for almost two cen-
turies. Gahan (7933) published an
extensive bibliography of both
American and European literature,
redescribed the adult, and reviewed
the taxonomy and biological rec-
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ords. There are several synonyms,
and in much of the published bio-
logical information the species is
called Zupelminus saltator Lindm.

E. vesicularis is widely distrib-
uted in Europe and America. Ga-
han noted that in the United States
it had not been reported from Cali-
fornia, from States south of Vir-
ginia, or from the wheat-growing
sections of Towa, Kansas, Missours,
and Oklahoma. He observed that
it is one of the most extensively
polyphagous of the chalcidoids, and
he listed 67 species parasitized by
it in the orders Diptera, Coleoptera,
Lepidoptera, Hymenoptera, and
Homoptera.  Muesebeck et al.
(1951) listed 41 species as hosts, sev-
eral of which are not included in
Gahan’s list.

The first record of the occurrence
of this species in the United States
was published by McConnell (1918).,
who observed that it had probably
been accidentally introduced in
straw. He found that it was a pri-
mary parasite of Phytophaga de-
structor, attacking both larvae and
pupae, but that it was also a second-
ary attacking other primary para-
sites when they were abundant. He
noted that the adult jumps actively
but does not fly and that no males
had been found.

Much additional biological infor-
mation was obtained by Phillips
and Poos (1927), who studied it as
a parasite of Harmolita in Virginia,
and by Muesebeck and Dohanian
(1927), who studied it as a parasite
of Apanteles melanoscelus in New
England. Phillips and Poos ob-
served that the egg had a pedicel
and flagellum and that the egg was
deposited outside the body of the
host and frequently fastened to the
wall of the cell by a fibrous net. Al-
though several eggs were frequently
deposited in one cell, only one larva
matured. They found that the aver-
age period from egg to adult was
about 24 days and that the adults
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lived about 26 days and deposited
10 to 11 eggs. There were six gen-
erations between May and October.
These parasites hibernated as full-
grown larvae in the cells. Muese-
beck and Dohanian found the life
history to be similar in Apanteles,
although in this host in New Eng-
land there were only three genera-
tions annually. Phillips and Poos
found that in the laboratory they
could readily obtain parasitism of
P. destructor with adults reared
from Harmolita and vice versa.

Morris (1938), studying wesicu-
laris as a member of the parasite
complex of a conifer sawfly, Neo-
diprion sertifer (Geoffroy), ob-
served that the vesicularis specimen
reared appeared to be a specific par-
asite of the primary Dahlbominus
fuscipennis (Zetterstedt). He was
unable to rear it from Neodiprion
or any of the other parasites. He
also observed that the egg was al-
ways attached by its stalk to the
upper inner wall of the cocoon.
This habit does not agree with that
noted by other observers.

E. vesicularis was never reared at
the Moorestown laboratory as a pri-
mary parasite of the oriental fruit
moth. In 1932 five specimens were
reared from field-collected cocoons
of this host, all as secondary para-
sites, one from East Longmeadow,
Mass., from an undetermined para-
site cocoon, and four from Olcott,
N.Y., three of which issued from
Glypta rufiscutellaris cocoons.

Encyrtaspis semirufa Gahan

Encyrtaspis semirufe is distin-
guished from all the other chal-
cidoid parasites of the oriental fruit
moth except Arachnophaga by its
compressed hindtibia. It differs
from Arachnophaga in having a
broad, thin, yellowish carina on the
posterior margin of the hindtibia.
It is broadly rufotestaceous without
metallic coloration. The lobes of
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the mesoscutum are carinate posteri-
orly, and the reddish scutellum is
conspicuously convex and has black
bristles on its disec.

Gahan (1927) reported rearing
semirufa as a secondary parasite of
the oriental fruit moth in Georgia.
Nettles (7934) reared it from the
oriental fruit moth in South Caro-
lina. The only other recorded hosts
are an undetermined leaf skeleton-
izer (Gahan 1927) and Laetilia coc-
cidivora Comstock, a pyralid pred-
ator of soft scales (gahan 1943).
Its recorded distribution is New
York to Georgia and in Louisiana
and Texas (Muesebeck et al. 71957).

From 1931 to 1936 and in 1957
it was reared at the Moorestown
laboratory from oriental fruit moth
cocoons collected from Niagara
County, N.Y., Burlington County,
N.J., and Washington County, Md.,
and from laboratory-bred oriental
fruit moth cocoons exposed in peach
orchards—never more than one par-
asite to a lot. It was reared chiefly
as a primary parasite, but once as a
secondary from a Macrocentrus co-
coon. One specimen was reared in
early spring from overwintering
oriental fruit moth cocoons. All
specimens reared from the oriental
fruit moth seemed to have been in-
ternal parasites of the pupa. They
had cast the meconium and pupated
within the normally inflated pupal
case. The adult left conspicuous
black pupal fragments in the host
pupal case and gnawed off the en-
tire cephalic end to emerge.

TORYMIDAE

Monodontomerus subobsoletus
Gahan

Monodontomerus  subobsoletus
can be distinguished from the
nearly related Monodontomerus
dentipes (Boheman) in having the
tooth of the posterior femur re-
moved from the apex by at least
twice its own length and in having

the first abdominal tergite quite
smooth dorsally. Gahan (7941) de-
scribed this species from both sexes,
some of which were reared from
M alacosoma americanum from Del-
aware, others from Gambrus ex-
trematis from New York, and from
four adults reared from one labora-
tory-bred oriental fruit moth cocoon
exposed in a peach orchard at
Moorestown, N.J.,in July 1935. An
examination of the host remains
proved that the primary host was a
prepupa of the oriental fruit moth.
In July 1933 two specimens were
reared from an oriental fruit moth
cocoon from Evesboro, N.J. From
the host remains these were ascer-
tained to be secondary parasites,
probably of Eurytoma append:-
gaster.

PTEROMALIDAE
Tritneptis hemerocampae Girault

Muesebeck et al. (1951) stated
that Z7'ritneptis hemerocampae is
distributed from Quebec to West
Virginia and occurs also in Illinois,
Colorado, and British Columbia.
They listed eight Lepidoptera and
one tenthredinid as hosts, including
several common pests.

Some authors reported rearing it
as a primary parasite, which at-
tacks the cocoon stage. Shaffner
and Griswold (793}) stated that it
is a primary and often a secondary
parasite of Macrolepidoptera in the
Northeastern States and that it hi-
bernates in host pupae. Stearns
(1928) and Haeussler (1930) both
reared it as a secondary parasite of
the oriental fruit moth in New Jer-
sey, the latter from' the cocoons of
Macrocentrus ancylivorus. Brun-
son (19567) reared it as a primary
parasite of the oriental fruit moth
from laboratory-bred cocoons ex-
posed in a peach orchard at Marl-
ton, N.J. The host relationship was
verified from the host remains.
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Dibrachys cavus (Walker)
(Fig. 26)

Dibrachys cavus, a small chalci-
doid, was described long ago from
Europe. It is one of the most
widely distributed, abundant, and
polyphagous of all the hymenop-
terous parasites. It occurs In
Europe, North America, Asia (Li
1936), South America (Lopez-
Cristobal 1938), and Australia
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(Helson 7939). The numerous rec-
ords pertaining to its distribution
and hosts in North America were
summarized by Muesebeck et al.
(1951). They showed that it is
generally distributed throughout
the United States and Canada.
The 97 hosts they listed include
many species in the orders Lepidop-
tera, Diptera, and Hymenoptera,
several species in Coleoptera, and
one to several species in the families
Sympherobiidae and Chrysopidae,

FIGURE 26.—Dibrachys cavus: A, Adult female; B, antenna ; C, egg; D, larva; E, pupa.
(A, B, D, and E from Howard (1897).)
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and even species of spiders. They
also gave an extensive synonymy.
In American literature many pub-
lished records refer to this species
as Dibrachys boucheanus (Ratze-
burg). The degree of divergence
in the published biological infor-
mation on cavus suggests that more
than one species is involved.
Early biological observations
were made by Ratzeburg (7844),
who studied cavus as a secondary
parasite of Porthetria dispar (Lin-
naeus) in Germany, and by How-
ard (1897), who reared it as a sec-
ondary on Hemerocampa leucos-
tigma in the United States and
published illustrations of the adult
and immature stages (fig. 26).
Snodgrass (1917) described the ovi-
position and the subsequent larval
development as an internal para-
site within the pupae of H. leucos-
tigma. Boyce (1941) observed that
it was an internal parasite of
Carpocapsa.  pomonella  pupae.
However, numerous other workers
reported it as an ectoparasite,
usually feeding on the prepupa but
occasionally on the pupa or even
on the unemerged adult.
Snodgrass observed that the host
pupa was paralyzed at oviposition,
Marsh (1936) found that Gambrus
specimens were stung directly after
oviposition, but Farwick (1947) ob-
served that cavus larvae did not in-
terfere with the development of an
A panteles host until nearly mature,
when all the body contents were
rapidly consumed. All authors
agreed that several to many speci-
mens mature on one host, that they
pupate within the host cocoon, that
several generations occur annually,
and that cavus hibernates as a ma-
ture larva. Muesebeck and Doha-
nian (1927) observed that cavus
females reared from A panieles mel-
anoscelus lived for 2 to 3 months,
and each produced about 250 eggs.
Marsh obtained as many as 400 eggs
of cavus reared from Gambrus ex-
trematis, and he noted that the

adults lived as long as 50 days.
Farwick obtained similar results
with females reared from A4 panteles
glomeratus (Linnaeus).

Although cavus is a primary
parasite of many species of Lep-
idoptera and phytophagous Hy-
menoptera, it is much too frequently
hyperparasitic and usually prefers
the other primary parasites of these
hosts. It is considered a particu-
larly obnoxious hyperparasite of
some pests because of its ability to
produce several individuals per
host, which permits it to increase
more rapidly than any of the pri-
mary parasites of these pests. It is
sometimes even a pest In mass rear-
ing of parasites (Garman and
Brigham 7933, Garman 1934). De-
spite its generally unfavorable
reputation, some efforts have been
made to propagate it. Doutt and
Finney (1947) found that they
could readily reproduce enormous
numbers by exposing layers of ma-
ture Gnorimoschema operculella
larvae, which were paralyzed in
hot water at 155° F. for 2 minutes,
and by sifting out the parasite pu-
pae when they were fully matured.

The published records of cavus
as a parasite of the oriental fruit
moth include the following: Wood
and Selkregg (7918), Garman
(1918), Stearns (1919, 1928), Hae-
ussler (7930), Eddy and Nettles
(1931), Allen (1932), Daniel
(1932), McConnell (7932), Garman
and Brigham (7933), Merritt
(1933b), Garman (1934), Van
Steenburgh (7935), Garman
(1938), Helson (7939), Haeussler
(1940), Brunson and Allen (1945),
and Brunson (7948). Several of
these authors did not state whether
it was a primary or secondary para-
site, but in all the earlier records it
was listed as a secondary. Allen
(1932) stated that it was both a pri-
mary and secondary parasite of the
oriental fruit moth. Helson (7939)
found it attacking two species of
oriental fruit moth parasites in
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Australia, and Haeussler (1940)
reared it from several primary par-
asites of the oriental fruit moth in
Japan and Korea. Brunson and
Allen (1948) noted its preference
for the primary parasites, and
Brunson (1948) found it the most
abundant secondary parasite at-
tacking Macrocentrus ancylivorus
in 1940.

In 1931 and 1932 cavus was
reared at the Moorestown labora-
tory from oriental fruit moth co-
coons collected on peach trees in
Massachusetts, Connecticut, New
York, New Jersey, Pennsylvania,
Maryland, Virginia, and Ohio. In
1931 the examination of host re-
mains in parasitized cocoons proved
cavus to be both a primary and sec-
ondary parasite of the oriental fruit
moth. However, the cocoons of pri-
mary parasites formed within this
host’s cocoons were attacked more
frequently than was the oriental
fruit moth. In 19 samples collected
from four New Jersey counties in
1931, 88 percent of the oriental
fruit moth cocoons were parasitized,
but 97 percent of the cocoons para-
sitized by cavus contained primary
parasites. In 19 samples collected
in two Pennsylvania counties, 70
percent of the oriental fruit moth
cocoons were parasitized, but 100
percent of the cocoons attacked by
cavus contained primary parasites.
In 1932 similar results were ob-
tained from oriental fruit moth co-
coons collected in several Eastern
States. Whenever M. ancylivorus
was the dominant parasite, it was
heavily parasitized by cavus. Other
primaries parasitized by cavus were
Macrocentrus delicatus, Glypta ru-
fiscutellaris, and Pristomerus eu-
ryptychiae.

When cavus was a primary para-
site of the oriental fruit moth, it
usually destroyed the prepupa, but
the pupa was also frequently at-
tacked. D. cavus overwintered in
oriental fruit moth cocoons. In
2,485 laboratory-reared oriental
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fruit moth cocoons exposed on
peach trees in Burlington County,
N.J., the percent primary parasiti-
zation by cavus from 1931 to 1936
was, respectively, 2.5, 4.1, 11.1, 6.4,
9.0, and 3.3 and averaged 4.1.

In 1957 biological notes were ob-
tained on cavus as a parasite of the
oriental fruit moth and two of its
primary parasites. It was reared
throughout the spring and summer
from laboratory-bred oriental fruit
moth cocoons, some of which con-
tained M. ancylivorus, which were
exposed in peach and apple orch-
ards.

Usually several matured on one
host, and females greatly outnum-
bered males. In 52 cocoons con-
taining oriental fruit moths that
were parasitized when exposed in
orchards, the average number of
cavus specimens emerging per co-
coon was 7 (6 females and 1 male)
and the maximum 20. The average
number produced in 19 M. ancyli-
vorus cocoons was 5 (3 females and
2 males) and the maximum 8.
From one oriental fruit moth pupa
parasitized by Pimpla inflata in the
field, nine females and one male of
cavus were reared. D. cavus at-
tacked both prepupae and pupae of
the oriental fruit moth freely, but
the number of prepupae parasitized
was double that of the pupae at-
tacked, and the average number
reared per individual was much
larger from the prepupae.

In most cocoons from which sev-
eral cavus specimens were reared,
both sexes were represented. How-
ever, 3 prepupae each produced 9 to
10 female parasites with no males,
and 1 pupa produced 8 males and no
females. Paralyzed oriental fruit
moth prepupae were marked with
numerous sclerotized sting scars,
which were usually more numerous
in one small area of the body.
Paralysis apparently was produced
at the time of oviposition by re-
peated stings. Usually several eggs
were loosely attached to the body in
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a cluster, and several other single
eggs were attached at various places
over the body.

The egg (fig. 26, ) was 0.37 by
0.12 mm., was translucent, and had
a refractive sheen produced by a
dense covering of nearly trans-
parent microscopic tubercles. The
larvae fed externally on oriental
fruit moth pupae or prepupae
within the host cocoon or externally
on M. ancylivorus pupae or prepu-
pae within the parasite cocoon.
They completed their feeding 5 to
6 days after oviposition, leaving
the shrunken but frequently only
partially consumed remains of the
host. The full-grown larva was 2.0
by 0.7 mm. In M. ancylivorus the
parasites were readily recognized
through the translucent walls of the
parasite cocoon. On the sixth to
seventh day after oviposition the
larvae expelled meconia, which
appeared as scattered clumps of
gray or tan globular pellets. Pupa-
tion occurred 7 to 8 days after
oviposition.

The pupae, which often nearly fill
the cocoon cavity, were nonmobile
and enclosed in a thin, nearly trans-
parent lI;ellicle, which became more
noticeable as the pupae blackened.
The period from oviposition to
emergence in the oriental fruit moth
and M. ancylivorus ranged from 14
to 21 days and averaged 18. All
the parasites within one cocoon
issued through one small hole. In
M. ancylivorus cocoons they might
issue at any point, and when the
point selected was close to a card-
board wall, the hole was extended
out through the paper. When cavus
emerged from the oriental fruit
moth host, the exit was usually
through the soft silk at the end of
the cocoon.

D. cavus can be distinguished
from other parasites of the oriental
fruit moth by means of the remains.
These include scattered clumps of
minute meconial pellets and several

delicate, light-brown pupal skins in
the cocoon of the host.

EURYTOMIDAE

Eurytoma appendigaster
(Swederus)

(Fig. 27)

The genus Zurytoma has many
species that are phytophagous and
others that are parasitic on insects.
Eurytoma appendigaster was first
described more than 160 years ago.
In Europe and Japan it was most
frequently reported as a secondary
parasite attacking braconid para-
sites of Lepidoptera.

</

FicURE 27.—Full-grown larva of
Eurytoma appendigaster.

Muesebeck and Dohanian (1927)
found that it was the most trouble-
some parasite of Apanteles mela-
noscelus in New England. They
observed that appendigaster had
one or two generations annually in
A. melanoscelus. It attacked both
broods and hibernated for nearly 10
months as a mature larva within the
parasite cocoon. In the laboratory
some adults remained alive for sev-
eral months. Of five adults, three
deposited no eggs and the other two
111 and 163, respectively. Several
eggs were sometimes deposited in
one cocoon, but only one larva ma-
tured. The eggs had a stalk and
flagellum and were densely beset
with blackish spines. Hatching oc-
curred in about 2 days. The larvae
had five instars. They fed exten-
sively at puncture holes, apparently
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only on the exuding juices, and be-
came mature in 6 days. In August
the pupal stage lasted 10 to 14 days
and the period from egg to adult 18
to 24 days.

Proper (1934) found that in New
England from 1929 to 1932 appen-
digaster destroyed 13.8 percent of
the first generation and 69.2 per-
cent of the second generation of 4.
melanoscelus cocoons from Porthet-
ria dispar, and a much smaller per-
centage of Apanteles lacteicolor
Viereck from Nygmia phaeorrhoea
and of A. solitarius (Ratzeburg)
from Stilpnotia salicis (Linnaeus).
Rosenberg (7934) recorded it as a
primary parasite of Carpocapsa
pomonella in France and a second-
ary attacking several of its primary
parasites. He published illustra-
tions of the egg, the head of the
first-instar- larva, and the mature
larva.

Muesebeck et al. (1951) recorded
appendigaster as occurring in On-
tario, New England, New Jersey,
Pennsylvania, and Wisconsin.
Only the northern part of the area
infested by the oriental fruit moth
lies within this area. They re-
corded 13 North American hosts,
showing that appendigaster is pri-
marily a parasite of casebearers,
fruitworms, and stem borers in the
Lepidoptera, or of the braconid and
ichneumonid parasites of large Lep-
idoptera that form their cocoons
away from the host remains.

Since appendigaster is the only
common species of Eurytoma at-
tacking the oriental fruit moth, it is
probably identical with the Zury-
toma sp. mentioned by Garman
(1918) as a parasite of Macrocen-
trus reared from oriental fruit
moths in Maryland and also men-
tioned by Driggers (1929) as the
common secondary parasite attack-
ing Glypta rufiscutellaris cocoons
in overwintered oriental fruit moth
cocoons collected in New Jersey.

Haeussler (7933) found that
appendigaster was a common para-
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site of oriental fruit moth cocoons
collected from or exposed in peach
orchards in southern France and
Italy in 1931, and also he (1940)
found it in Japan and Korea in 1932
and 1933. He noted that parasitiza-
tion in the cocoons of this host
ranged up to 8.9 percent in Japan
and 25.0 percent in Korea, but that
appendigaster was a secondary
parasite in 57.8 percent of the co-
coons attacked. He found that as a
primary it developed on the pre-
pupa or pupa within the cocoon
and that it hibernated as a ma-
ture larva in the oriental fruit
moth cocoon. Usually one para-
site issued from a cocoon. He
observed that 79.9 percent of 1,
350 adults reared were females.
Brunson (1948) found that it
was a common parasite in New
Jersey of Macrocentrus ancylivorus
in cocoons of the oriental fruit
moth.

At the Moorestown laboratory in
1931 and 1932 appendigaster was
reared from oriental fruit moth co-
coons collected from peach orchards
in the following counties: Hamp-
den, Mass., Hartford, Conn., Niag-
ara and Rockland, N.Y., Burling-
ton, Mercer, and Monmouth, N.J.,
and Erie and Lorain, Ohio. In
these cocoons it occurred much more
frequently as a secondary parasite
than as a primary. In 18 cocoons it
was a parasite of @. rufiscutellaris,
in 16 of M. ancylivorus, in 1 prob-
ably of Macrocentrus instabilis,in T
of undetermined parasites, and in
3, or only 7 percent of the total, it
was a primary parasite of the
oriental fruit moth.

However, it was also reared in
considerable numbers from 1931 to
1936 as a primary parasite of the
oriental fruit moth 1n parasite-free
cocoons exposed in orchards in Bur-
lington County, N.J. Parasitism
occurred continuously from mid-
May to late September. From the
39 lots in which appendigaster was
reared, 9.2 percent of the 2,241
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oriental fruit moth cocoons were
parasitized by it. This parasite
would probably be a fairly effec-
tive primary in sections where the
usual larval parasites are lacking.
In the Moorestown collection 83
percent of the 119 appendigaster
specimens that emerged from co-
coons parasitized in the field were
females. This parasite attacked
both prepupae and pupae freely.
In 1957 an attempt was made at
the Moorestown laboratory to breed
appendigaster on oriental fruit
moth cocoons. No parasitism was
obtained on the oriental fruit moth
pupae and prepupae exposed, but a
few larvae were reared on M. ancy-
livorus in oriental fruit moth co-
coons. The parasite larvae devel-
oped as ectoparasites on the pre-
pupae of M. ancylivorus, and they
completed their feeding in 10 to 11
days after oviposition. Four larvae
matured in this host between July
10 and 31. After casting the meco-
nium, they ceased developing. They
hibernated as mature larvae. This
was the only cocoon parasite reared
at Moorestown that had fewer gen-
erations than the host. The full-
grown larva (fig. 27) was 3.5 mm.
long and had minute antennae on
its light-brown head. On the body
there were two lateral rows of fine
brown hairs. Beneath the cuticle
there was a closely packed layer of
glistening, beadlike fat bodies.
The remains of this parasite in
oriental fruit moth cocoons serve to
identify it. When oriental fruit
moths were the primary host, the
prepupa or pupa was not completely

consumed. The meconium and a
flexible, translucent, brown pupal
exuvium lay beside them or occa-
sionally in an excavated pupal case.
A black eggshell, which was 0.5
mm. long, easily visible under low-
power magnification, and -closely
beset with long black spines, could
usually be found on the host body
or in the cocoon. Emergence was
through the soft silk at the end of
the cocoon.

Eurytoma Sp.

Two Eurytoma sp. females in the
Moorestown collection (Oriental
Fruit Moth Investigations Nos.
2004 and 2006) were definitely
reared from oriental fruit moth co-
coons. One was reared from a pre-
pupa and the other from a pupa in
parasite-free cocoons exposed in
peach orchards at Moorestown and
Parry,N.J.,in 1934. They were de-
termined by A. B. Gahan at the
U.S. National Museum. They were
much smaller than Furytoma ap-
pendigaster.

CHALCIDIDAE

Five North American species of
Chalcididae are known to attack the
oriental fruit moth. Although they
have been reared occasionally as
secondary parasites on other lepi-
dopterous hosts, they have been
found only as primaries in the ori-
ental fruit moth. They are readily
recognized by the reduced chalci-
doid wing venation and the con-
spicuously enlarged hindfemur.

KEY TO SPECIES OF CHALCIDIDAE ATTACKING ORIENTAL FRUIT MOTH COCOONS

1. Abdomen nearly sessile_ _ _ ________ __ __ ... 2
Abdomen petiolate____________________________________ Spilochalcrs side (Wlk.)
. Segments of flagellum distinctly longer than wide_ ________________________ 4

=W

Segments of flagellum shorter than wide
. Postgenal carina absent_______________
Postgenal carina present______________
. Antennal scape black; front, middle, and hind femora black

___________ Brachymeria ovata ovata (Say)
___________ Brachymeria hammari (Cwfd.)

Haltichella zanticles (W1k.)

Antennal scape usually red; front and middle femora and basal half of hind-

femurred_________________________

____________ Haltichella longicornis Ashm.
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Haltichella xanticles (Walker)
(Fig. 28)

Haltichella wxanticles according
to Muesebeck et al. (1951) is dis-
tributed from Quebec to Florida
and in Ilinois, Ohio, Kansas, and
Nebraska. These authors recorded
the three lepidopterous hosts—
Rhyacionia buoliana (Schiffermiil-
ler), DBucculatriz canadensisella
Chambers, and a lichen-feeding
psychid Solenobia walshella Clem-
ens—and the imported braconid
Apanteles melanoscelus. Friend
(1927) found that it was a pupal
parasite of B. canadensisella, in
which it overwintered. Muesebeck
and Dohanian (1927) reared it oc-
casionally as a parasite of A. mela-
noscelus, in which there were two to
three generations annually. The
cycle from egg to adult was 30 to
40 days. It hibernated as a mature
larva, and the adults appeared in
mid-June.

F16URE 28.—Immature larva of
Haltichella ranticles.

At the Moorestown laboratory
this parasite was reared in 1932 as
a primary parasite of oriental fruit
moth pupae from cocoons collected
in peach orchards in Botetourt and
Roanoke Counties, Va. It was also
reared several times from labora-
tory-bred cocoons exposed in peach
orchards in Burlington County,
N.J. No secondary parasitism of
the oriental fruit moth by zanticles
was observed. Specimens reared
from the oriental fruit moth were
about equally divided between the
{wo sexes.

In June 1957, 14 wanticles speci-
mens were reared from one lot of
laboratory-bred oriental fruit moth
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cocoons, which was exposed in an
abandoned peach orchard at
Hainesport, N.J. Several of these
specimens were placed in a glass-
tube breeding cage with freshly
formed oriental fruit moth pupae.
Only a few of these pupae were par-
asitized. The parasites oviposited
through the cardboard walls of the
cocoon shelter. One host pupa had
five small puncture wounds, chiefly
in the ventral thoracic area. The
pupae were paralyzed when the
larvae were half grown and may
have been immobilized much
earlier.

The developing larvae (fig. 28)
were encapsulated in a viscous mass
of host tissue. Feeding was com-
pleted 8 to 10 days after oviposi-
tion. The mature larva was a ro-
bust, sluggish, brownish - yellow
grub, which nearly filled the pupal
case, although some unconsumed
fresh tissue remained after feeding
had been completed. H. xanticles
pupated within the host pupal case.
The pupa was enclosed in a thin,
nearly transparent, flexible pellicle.
The adults emerged by cutting
round holes through the pupal
cases at nearly any point. Some
cut their way out through the silken
wall at the end of the host cocoon;
others gnawed through the card-
board walls of the cocoon shelter.

The remains of xanticles in the
host cocoon were indistinguishable
from those of Haltichella longi-
cornis Ashmead and the two species
of Brachymeria parasitic on the
oriental fruit moth, but they serve
to separate xanticles from several
other species that emerge from the
oriental fruit moth pupae. There
was no cocoon. A delicate, light-
brown pupal exuvium lay in the
host pupa on top of the meconium.
The round exit hole was not always
at the anterior end of the pupal
case. The pupal walls of the host
were thick and Dblotchy from
patches of desiccated host tissue.



110 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

Haltichella longicornis Ashmead

The oriental fruit moth is the
only species from which Haltichella
longicornis has been reared. Eddy
and Nettles (7937) and Nettles
(193}) reared this parasite from
host pupae collected on harvested
peaches and under trap bands in
peach orchards in South Carolina
in 1931 and 1932. Nettles found it
the most common pupal parasite of
the oriental fruit m031 in 1932. He
propagated it on the oriental fruit
moth and found the development
period was 15 to 18 days and that
the adults lived on an average for
about 10 days.

Genus BRACHYMERIA

Dowden (7935) published an ex-
cellent review of the biological
literature of the genus Brachy-
meria. There are more than 150
described species, most of which are
found in tropical or subtropical
climates. Many are primary para-
sites of Lepidoptera, but some at-
tack sarcophagid puparia, and a
few are hyperparasitic attacking
tachinid parasites of Lepidoptera.
The biology of three species has
been studied in detail—Brachy-
meria fonscolombei (Dufour) by
Roberts (1933) and B. intermedia
(Nees) and B. compsilurae (Craw-
ford) by Dowden (1935). There is
considerable diversity in the habits
and life histories of these species.

Brachymeria ovata ovata (Say)
and B. hammari (Crawford) are
parasites of the oriental fruit moth.
In B. ovate ovata the postgenal
carina is absent; in B. hammar: it
is present. Neither of these species
was ever reared at the Moores-
town laboratory.

Brachymeria hammari
(Crawford)

_Brachymeria hammari was ori-
ginally described in 1915 from
specimens reared in New Mexico

from Awrchips argyrospilus
(Walker). Muesebecket al. (1951),
in addition to this host, listed 1t
as parasitic on the oriental fruit
moth, Aneylis comptana fragariae,
and Filatima monotaeniella (Bot-
timer). They recorded that it
was distributed in South Carolina,
Missouri, Texas, and New Mexico.
Nickels et al. (7950) found it
occasionally as a solitary internal
parasite of Acrobasis caryae,
pupating within the host pupa.
They stated that it also attacked
Acrobasis juglandis and Laspey-
resia caryana. As a parasite of
the oriental fruit moth it was
first reported by Eddy and Nettles
(1931), with further notes by
Nettles (7934). They found that
it was the second most abundant
pupal parasite of the oriental
fruit moth in South Carolina and
that the parasite had a develop-
ment period of 15 to 18 days and
the adult an average longevity of
8 days.

Brachymeria ovata ovata (Say)

Brachymeria ovata ovata was re-
ported by Muesebeck et al. (1951)
as occurring from Quebec to Flor-
ida and Texas and in Nebraska,
New Mexico, California, and Ore-
gon. It was also reported from
Mexico, Guatemala, and Panama
(Dalla Torre 1898) and Cuba
(Bruner 1935). The recorded
hosts summarized by Muesebeck
et al. include 35 species of Lepi-
doptera, which have a wide range
of size and habit, and one tachinid
species. Howard (7897) observed
that it was an internal parasite of
the pupa. It pupated within the
host remains and emerged through
a round hole cut through the
pupal case, leaving within it an
easily recognized pupal exuvium.
Even from a large host such as
Hemerocampa, only one parasite
issued from each individual. He
also noted that ovate ovata may
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attack moth pupae that are naked
or through the walls of the co-
coons, and it may attack tachinid
parasites through the integument
of a dead caterpillar. The record
of emergence from Hemerocampa
indicated that this parasite prob-
ably hibernated as an adult.
Walley (1953) reported that it
attacks mature larvae as well as
pupae.

As a parasite of the oriental
fruit moth, ovata ovata was reared
only in South Carolina. Nettles
(1934) found it to be the third
most common pupal parasite of
this host.

Spilochalcis side (Walker)

Scattered information on the
biology of Spilochalcis side ap-
pears under several names, some
of which are synonyms and others
misidentifications (Burks 7940).
Muesebeck et al. (7957) listed it
as a primary parasite of 18 Lepi-
doptera, 3 Coleoptera, and 8 para-
sitic Hymenoptera. Several work-
ers who studied it in detail found
it occurring more frequently as a
secondary than as a primary para-
site. Marsh (1917) observed it
only as a secondary parasite of
Plutella  maculipennis (Curtis),
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parasitizing Horogenes plutellae
(Viereck). Cushman (1927) con-
sidered it almost certainly a sec-
ondary parasite of Rhyacionia
frustrana. Vickery (7929) found
it only as a secondary parasite of
Laphygma frugiperda (J. E.
Smith), parasitizing M eteorus
laphygmae Viereck. Other authors
submitted convincing evidence that
side also attacked phytophagous
insects as a primary parasite.

Doner (1936) stated that eggs
were deposited within the pupae
of Coleophora pruniella Clemens,
one to each pupa, from which
endoparasitic larvae hatched.
When development was completed,
pupation occurred within the shriv-
eled pupa of the host. Clancy
(1946b6) found it parasitizing the
cocoons of Bucculatriz thurberiella
Busck, and Carlson et al. (1951)
observed it attacking larvae of
Ceutorhynchus assimilis (P ay-
kull). It is widely distributed
in Canada and throughout the
United States.

Nettles (1934) reared side (mis-
identified as Spilochalcis delira
(Cresson)) as a primary parasite
from five oriental fruit moth
pupae collected in 1932 in peach
orchards in South Carolina.

Bethylidae

The Bethylidae family includes
species of small black wasps, which
run with antlike agility. Those in
several genera are gregarious pri-
mary parasites in the cocoons of
small Lepidoptera.

Goniozus foveolatus Ashmead

Goniozus foveolatus is the only
known North American bethylid
species that is parasitic on the
oriental fruit moth. Probably this
was the species reported from Lees-
burg, Va., in 1919 (Stearns 1919),
although specimens cannot now be

620265 0—62——8

located for reexamination. In 1931
Eddy and Nettles (7931) reported
rearing Goniozus columbianus Ash-
mead from the oriental fruit moth
in South Carolina. It is quite
probable that this was foveolatus
incorrectly identified, since one
specimen, perhaps of the same
series, reared at Clemson, S.C., by
W. C. Nettles on August 27, 1930,
was recently identified by K. V.
Krombein and C. F. W. Muesebeck
at the U.S. National Museum as
foveolatus. The six specimens
reared by Neiswander from Avon
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Lake, Ohio, on September 5 and 7,
1933, and reported (Neiswander
1936) as G. columbianus have re-
cently been identified by Krombein
and Muesebeck as foveolatus.

Eddy and Nettles found that this
parasite developed gregariously
(four to one host larva) on the co-
cooned larva of the oriental fruit
moth.

ALTERNATE HOSTS

The study of the North Ameri-
can hosts of the oriental fruit moth
is of interest because it provides
considerable information on how a
relatively static biotic complex has
been changed within a few years by
the introduction of a new factor—
the fruit- and twig-feeding ole-
threutid, the oriental fruit moth.
The response of the biotic environ-
ment to several species of intro-
duced pests, such as Porthetria
dispar, has been negligible, but this
is not true of the oriental fruit
moth. Over 90 species of North
American Hymenoptera and Dip-
tera have accepted the oriental fruit
moth as a host, and some are as yet
not recorded from any other host.

The known alternate hosts of the
oriental fruit moth parasites in the
United States have been listed (p.
113). Sixteen parasite species that
are extensively polyphagous and
therefore not closely bound ecologi-
cally to any one of their many hosts
have been excluded from this list.
One of these is the widely dis-
tributed Nemorilla floralis and one
is the cosmopolitan 7'richogramma
manutum, which parasitizes the
thin-shelled eggs of insects in many
orders. Another is Perilampus
fulvicornis fulvicornis, which has
a highly specialized method of at-
tacking primary parasite larvae.
Two others are braconids—Bracon
mellitor and B. gelechiae. The re-
maining 11 are ichneumonids or
chalcidoids—Scambus pterophori,
8. hispae, Itoplectis conquisitor,
Gelis tenellus, Eupelmus allynii, F.
cyaniceps cyaniceps, E. cyaniceps
amicus, Eupelmella vesicularis, Di-
brachys cavus, Brachymeria ovata

ovata, and Spilochalcis side. Al-
though most of the parasites of the
oriental fruit moth are internal par-
asites, the 2 braconids mentioned
and all but 3 of the 11 ichneumonids
and chalcidoids are ectoparasites.
Their larvae hatch from eggs placed
on or near the host, and they feed by
tearing holes through the integu-
ment. This habit is much less
specialized than when the parasites
oviposit within the body of the host.

The following species are rarely
parasitic on the oriental fruit moth,
and since parasitism on that host is
probably not yet an established
habit, they are omitted from the
list:  Dichaetoneura leucoptera,
Agathis rubripes, Apanteles poly-
chrosidis, Microgaster epagoges,
Bracon  politiventris, Toxopho-
roides albomarginatus albomargi-
natus, Campoplex tortricidis, Horo-
genes rosanae, Temelucha cookii,
Bathythrie peregrina, Mastrus car-
pocapsae, Phobetes thyridopteryx,
Gelis apantelis, Gelis nocuus, and
Arachnophaga longiceps.

All but 10 of the 194 alternate
hosts listed are Lepidoptera either
in the primary or secondary sense.
However, species of Arachnophaga,
Lymeon, and Lizophaga have hosts
in three families of Coleoptera and
in one family each of Neuroptera
and Arachnida. The genera 7'rit-
neptis, Lizophaga, and Syntomos-
Phyrum have several hosts among
the Macrolepidoptera, especially in
the families Phalaenidae, Arctiidae,
and Lymantriidae, but they have
relatively few hosts among the
Microlepidoptera. Many of the
chaleid parasites of the oriental
fruit moth and a few ichneumonids
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also have alternate hosts among the
primary parasites of Lepidoptera.
However, 84 percent of all the host-
parasite records of the species listed
involve Microlepidoptera. There
are more records of the olethreutids
than any other family, but tortri-
cids and gelechiids are also well rep-
resented. In this list Carpocapsa
pomonella is the alternate host of 23
oriental fruit moth parasites, Zpi-
blema strenuana of 11, Laspeyresia
caryana of 10, and Ancylis comp-
tana fragariae of 9. All four are
close relatives in the family Ole-
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threutidae, three have similar larval
habits, and three are abundant in
the same environment as the orien-
tal fruit moth.

It is evident that there is wide
diversity in the relationships and
life histories of the alternate hosts
of the oriental fruit moth, but most
of the North American parasites
that have accepted this host are
species that attack small Lepidop-
tera whose larvae are protected,
such as fruit, nut, or stem borers,
casebearers, or leaf rollers.

ALTERNATE HOSTS OF ORIENTAL FRUIT MOTH PARASITES

Host Parasite
NEUROPTERA
Chrysopidae - - - oo Arachnophaga frontalis
COLEOPTERA
Bostrichidae
Amphicerus bicaudatus (Say), apple Lizophaga variabilis
twig borer.
Cerambycidae
Oberea bimaculata (Oliv.), raspberry Lizophaga variabilis

cane borer.
Curculionidae

Lizus scrobicolits Boh.___________

LEPIDOPTERA
Psychidae

Eurukuttarus confederatus Grote_

Solenobia walshella Clem._._______
Thyridopteryx ephemeraeformis (Haw.),

bagworm.

Thyridopteryx meadi Hy. Edw._.._

Tineidae

Nemapogon granelle (L.), European

grain moth.

Lyonetiidae
Bucculatriz  canadensisella
birch skeletonizer.
Gracilariidae

Gracilaria elongella (L) _____-
Gracilaria negundella Chamb.___ -

Coleophoridae

Coleophora alnicella Heinr,________
Coleophora asterophagella (MeD.) - _____
Coleophora atlantica Heinr. __.____
Coleophora cinerella Chamb.______

Chamb.,

Lizophaga variabilis

Pimpla aequalis, Gambrus ulttmus,
Lymeon orbum

Haltichella zanticles

Anachaetopsis tortricis

Arachnophaga frontalis

Goniozus foveolatus
Haltichella zanticles

Microgaster ecdytolophae
Goniozus foveolatus

Agathis cincta
Microgaster ecdytolophae

_____ Agathas cincta

Agathis cincta

Coleophora laricella (Hbn.), larch case- Agathis cincta

bearer.

Coleophora limosipennella (Dup.), elm Agathis cincta

casebearer.

Coleophora malivorella Riley, pistol case- Anachaetopsis tortricis, Macrocen-

bearer.

trus instabilis, Tritneptis hemero-
campae, Goniozus foveolatus

Coleophora occidentis Zell., cigar case- Horogenes obliteratus

bearer.

Coleophora pruniella Clem., cherry case- Eurytoma appendigaster

bearer.
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Host Parasite

LEPIDOPTERA—Continued
Coleophoridae—Continued

Coleophora salicivorella MeD._._ _______ Agathis cincta
Coleophora salmani Heinr., birch case- Agathis cincta, Temelucha forbesi,
bearer. Pimpla aequalis
Coleophora tiliaefoliella Clem..__________ Agathis cincta
Coleophora spp...- .. _____________ Gambrus ultimus, Lymeon orbum
Yponomeutidae
Argyresthia oreasella Clem..____________ Horogenes obliteratus
Argyresthia thuiella (Pack.)___________ Apanteles epinotiae
Xyrosaris celastrusella (Kearf.)________ Horogenes obliteratus
Aegeriidae
Sanninoidea exitiosa (Say), peach tree Cryptus albitarsis albitarsis
borer.

Synanthedon pictipes (G. & R.), lesser Pimpla inflata
peach tree borer.

Thamnosphecia pyri (Harris) __________ Pimpla aequalis
Stenomidae
Stenoma algidella (Wlk.)______________ Syntomosphyrum esurus
Glyphipterygidae
Anthophila pariana (Clerek)_._________ Horogenes obliteratus
Oecophoridae
Psilocorsis sp.. ... ___________________ Atrometus clavipes
Gelechiidae
Anacampsis fragariella Busck._ ________ Agathas cincta
Anacampsis innocuella (Zell.)__________ Agathis annulipes
Anacampsis sp..._ ___________________ Macrocentrus ancylivorus
Anarsia lineatella Zell., peach twig Anachaetopsis tortricis, Arachno-
borer. phaga frontalis
Avristotelia absconditella (WIk.)_________ Macrocentrus delicatus
? Aristotelia rubidella (Clem.)_ ________ Horogenes obliteratus
Aroga trialbamaculella (Chamb.)_______ Temelucha forbesi
Arogalea cristifasciella (Chamb.)_______ Microgaster ecdytolophae
Chrysopora hermannella (F.)___________ Agathis cincta
Dichomeris lingulella Hbn., palmer- Agathis cincta, Apanteles epinotiae,
worm. Horogenes obliteratus
Dichomeris marginella (F.)____________ Pimpla aequalis
Filatima monotaeniella (Bott.)_________ Brachymeria hammars
Filatima persicaeella (Murtf.)_________ Temelucha forbesi
Gelechia Spp._._______________________ Ascogaster quadridentata
Gnorimoschema azenopsis (Meyr.)._____ Temelucha minor
Gnorimoschema chenopodiella Busck.____ Agathis cincta
Gnorimoschema gallaesolidaginis (Riley) . Apanteles cacoeciae, Pristomerus
euryptychiae

Gnorimoschema operculella (Zell.), po- Macrocentrus ancylivorus
tato tuberworm.

Isophrictis rudbeckiella Bott..._________ Temelucha minor

Keiferia lycopersicella (Busck), tomato Apanteles epinotiae
pinworm,

Pectinophora gossypiella (Saund.), pink Anachaetopsis tortricis
bollworm,

Recurvaria piceaella Kearf._ _ ___.______ Microgaster ecdytolophae

Trichotaphe levisella Fyles_____________ Mastrus smithii

Momphidae

Blastodacna curvilineella Chamb..______ Eurytoma appendigaster

Blastodacna sp._...___________________ Temelucha epagoges

Mompha eliosella (Clem.) _____________ Temelucha epagoges

Walshia amorphella Clem. ____________ Phaeogenes walshiae walshiae, Mi-

crogaster ecdytolophae, Pristom-
erus euryptychiae

Cosmopterygidae
Homaledra sabalella (Chamb.), palmleaf Macrocentrus instabilis, Lymeon or-
skeletonizer. bum, Eupelmus limneriae
Tortricidae
Acleris logiana (L.) - _ . ______________ Meteorus trachynotus

Acleris minuta (Rob.) ________________ Horogenes obliteratus
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Host Parasite
LEPIDOPTERA—Continued
Tortricidae—Continued
Acleris oxycoccana (Pack.) . ___________ Macrocentrus ancylivorus
Acleris variana (Fern.) - _____________ Atrometus clavipes, Horogenes oblit-
eratus
Acleris sp.=(Peronea sp.) —-— - ________ Agathis cincta
Archips argyrospilus (WI1k.), fruit-tree M eteorus trachynotus, Apanteles cac-
leaf roller. oeciae, A. clavatus, Brachymeria
hammart
Archips cerasivoranus (Fitch), ugly-nest Temelucha epagoges, Labrorychus
caterpillar. prismaticus
Archips semiferanus (Wlk.) - __________ Apanteles cacoeciae
Argyrotaenia citrana (Fern.), orange M eteorus trachynotus
tortrix.
Argyrotaenia velutinana (WI1k.), red- Agathis cincta, Temelucha forbesi,
banded leaf roller. Horogenes obliteratus
Argyrotaza semipurpurana (Kearf.).____ Glypta rufiscutellaris

Choristoneura conflictana (WI1k.), large Agathis annulipes, A. cincta
aspen tortrix.

Choristoneura  fumiferana  (Clem.), Meteorus trachynotus
spruce budworm.

Cnephasia longana (Haw.), omnivorous Agathis cincta

leaf tier.
Coelostathma discopunctana Clem.______ Agathis annulipes
Epinotia Sp. - - o oo ___ Apanteles cacoeciae
Platynota flavedana Clem... ___________ Anachaetopsts tortricis
Spargonothis sulfurana (F.)____________ Anachaetopsis tortricis,  Meteorus
trachynotus, Temelucha epagoges
Tortri Sp.e oo Apanteles cacoeciae
Phaloniidae

Phalonia hospes (Wlshm.), banded sun- Macrocentrus ancylivorus
flower moth.

Phalonia oenotherana Riley_____________ Lizophaga plumbea, Temelucha epa-
goges

Phalonia Sp. -« oo ___ Apanteles epinotiae

Olethreutidae

Anchylopera nebeculana Clem.___._______ Goniozus foveolatus

Ancylis comptana (Froel.) ____________ Temelucha cookii, Pristomerus eu-
ryptychiae, Phaeogenes walshiae
walshiae

Ancylis comptana fragariae (W. & R.), Anachaetopsis tortricis, Meteorus

strawberry leaf roller. trachynotus, Macrocentrus ancy-

livorus, Eubadizon pleurale, Aga-
this annulipes, Temelucha cookii,
Gambrus wultimus, Brachymeria
hammari, Goniozus foveolatus

Ancylis Sp.- - oo _____ Meteorus trachynotus
Carpocapsa pomonella (L.), codling Lixophaga variabilis, Anachaetopsis
moth. tortricis, Macrocentrus ancylivorus,

M. delicatus, M. instabilis, Euba-
dizon pleurale, Microgaster ecdyto-
lophae, Ascogaster quadridentata,
Phanerotoma fasciata, Glypta rufi-
scutellaris, Temelucha minor, T.
epagoges, T. carpocapsae, Pristo-
merus euryptychiae, P. austrinus,
Perilampus fulvicornis prothoraci-
cus, Calliephialtes grapholithae,
Apistephialtes variatipes, Pimpla
aequalis, P. inflata, Cryptus albi-
tarsis albitarsis, Mastrus pilifrons,
Tritneptis hemerocampae, Eu-
rytoma appendigaster

Ecdytolopha insiticiana Zell.,, locust Phanerotoma fasciata, Pristomerus

twig borer. euryptychiae
Epiblema obfuscana (Dyar) .- _________ Qlypta rufiscutellaris
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Host Parasite
LEPIDOPTERA—Continued
Olethreutidae—Continued
Epiblema otiosana (Clem.), bidens borer. Lizophaga variabilis, Macrocentrus
pallisteri, Pristomerus eurypty-
chiae
Epiblema scudderiana (Clem.) . ________ Apanteles cacoeciae, Macrocentrus
pallistert, Glypta rufiscutellaris,
Pristomerus austrinus
Epiblema strenuana (WI1k.), ragweed Lizophaga variabilis, Macrocentrus
borer. ancylivorus, M. delicatus, M. pal-
listeri, Glypta rufiscutellaris, Te-
melucha minor, T. forbesy, T.
epagoges, Pristomerus euryptychiae,
Calliephialtes grapholithae, Phaeo-
genes walshiae walshiae

Epiblema tripartitana (Zell.)___________ Macrocentrus delicatus

Epinotia laracana (Kearf.) ____________ Glypta rufiscutellaris

Epinotia subviridis Heinr.._____________ Apanteles clavatus

Epinotia sp..- - _____________ Apanteles cacoeciae

Eumarozia malachitana (Zell.)..._______ Agathis annulipes

Exartema sericoranum (Wlshm.)_ ______ Macrocentrus ancylivorus

Grapholitha interstinctana (Clem.), clover Agathis annulipes, Phanerotoma fas-
head caterpillar. ciata

Grapholitha packardi Zell., cherry fruit- Phanerotoma fasciata, Glypta rufis-
worm. cutellaris

Grapholitha prunivora (Walsh), lesser Agathis festiva, Ascogaster quad-
appleworm. ridentata, Glypta rufiscutellaris

Grapholitha tristrigana (Clem.) . _______ Macrocentrus delicatus

Gretchena bolliana (Sling.), pecan bud Macrocentrus delicatus, Pimpla in-
moth. flata, Pristomerus austrinus

Gypsonoma salicicolana (Clem.)___._____ Apanteles epinotiae

Laspeyresia caryana (Fitch), hickory Lizophaga variabilis, Macrocentrus
shuckworm. instabilis,  Agathis  annulipes,

Apanteles epinotiae, Microgaster
ecdytolophae, Phanerotoma  fas-
ciata, Glypta rufiscutellaris, Calli-
ephialtes grapholithae, Brachymeria
hammari, Goniozus foveolatus
Laspeyresia nigricana (Steph.), pea Ascogaster quadridentata, Phanero-

moth. toma fasciata
Lobesia carduana (Busek).____________ Pristomerus euryptychiae
Melissopus latiferreanus (Wlshm.), fil- Anachaetopsis tortricis, Macrocentrus
bertworm. ancylivorus, Phanerotoma fasciata,

Qlypta rufiscutellaris
Paralobesia  viteana (Clem.), grape Macrocentrus ancylivorus, Asco-
berry moth. gaster quadridentata, Horogenes
obliteratus, Gambrus ultvmus,
Gonzozus foveolatus

Proteoteras aesculana Riley____________ Glypta rufiscutellaris, Horogenes ob-
literatus
Proteoteras willingana (Kearf.)_________ Pristomerus euryptychiae
Rhopobota  naevana (Hbn.), black- Macrocentrus delicatus, Temelucha
headed fireworm. minor, T. forbesi
Rhyacionia buoliana (Schiff.), Euro- Eurytoma appendigaster, Haltichella
pean pine shoot moth. zanticles
Rhyacionia frustrana (Comst.), Nan- Lizophaga mediocris, L. plumbea,
tucket pine moth. Temelucha epagoges
Rhyacionia frustrana bushnelli (Busck) .. Temelucha epagoges
Rhyacionia rigidana (Fern.) __________ Macrocentrus instabilis
Sciaphila duplex (Wlshm.) ____________ Agathis annulipes, Apanteles cacoe-
ciae
Strepsicrates smithiana (Wlshm.) _______ Agathis annulipes
Suleima helianthana (Riley) . __________ Lixophaga variabilis, L. mediocris,

Apanteles epinotiae, Temelucha
epagoges, Pristomerus euryptychiae
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Host

LEPIDOPTERA—Continued

Phycitidae

Acrobasis betulella Hulst, birch tube

maker.

Acrobasis caryae Grote, pecan nut case-

bearer.

Acrobasis caryiworella Rag.____________

Acrobasis hebescella Hulst_____________
Acrobasis juglandis (1.eB.), pecan leaf

casebearer.

Acrobasis rubrifasciella Pack. _________

Acrobasis wvaccinii
fruitworm.
Acrobasis spp..- - - -

Riley, cranberry

Canarsi@ SP.._ - - o - oo
Euzophera ostricolorella Hulst__________
Homoeosoma electellum (Hulst), sun-

flower moth.

Laetilia coccidivora Comst. ____________

Maineola sp...-—- - __
Psorosina hammondst

(Riley) - - - _______

Salebriaria tenebrosella (Hulst) . __._____

“Salebria sp.” . ___._

(Led.), lespedeza

Tetralopha subcanalis (Wlk.) - _________

Epipaschiidae
Tetralopha scortealis
webworm.
Crambidae
Diatraea saccharalis
borer.
Thyrididae

(F.), sugarcane

Meskea dyspteraria Grote_____________

Pyraustidae

Desmia funeralis (Hbn.), grape leaf

folder.

Lineodes vulnifica Dyar_______________
Pachyzancla bipunctalis (F.), southern

beet webworm.
Phlyctaenia coronata

tertialis (Guen.)___

Pyrausta ainsliec Heinr., smartweed

borer.

Pyrausta nubilalis (Hbn.), liuropean

corn borer.

Pyrausta penitalis (Grote) - __________

Pterophoridae

Pterophorus  periscelidactylus  Fitch,

grape plume moth
Lasiocampidae

Malacosoma americanum (F.), eastern

tent caterpillar.

Malacosoma fragile (Steteh)___________

Tolype velleda (Stoll)

Parasite

Macrocentrus instabilis

Macrocentrus instabilis, Apanteles
cacoectae, A. epinoliae, Pristo-
merus euryptychiae, Calliephialtes
grapholithae, Brachymeria ham-
mart, Goniozus foveolatus

Macrocentrus instabilis, Apanteles
epinotiae, Pristomerus eurypty-
chiae, P. austrinus, Goniozus
foveolatus

Macrocentrus instabilis

M acrocentrus instabilis, Pristomerus
euryptychiae, Calliephialtes graph-
olithae, Brachymeria hammari

Macrocentrus instabilis

Pristomerus austrinus

Agathis annulipes, Calliephialtes
grapholithae

Macrocentrus ancylivorus

Macrocentrus delicatus

Anachaetopsis tortricts, Macrocen-
trus ancylivorus, Temelucha epa-
goges

Encyrtaspis semirufa

Pimpla aequalis

Microgaster ecdytolophae, Cryptus
albitarsis albitarsis

Pimpla inflata

Agathis cincta

Macrocentrus delicatus
Macrocentrus delicatus

Syntomosphyrum esurus

Calliephialtes grapholithae

Lizophaga variabilis, Anachaetopsis
tortricis, Ascogaster quadridentata,
Horogenes obliteratus

Lymeon orbum

Gambrus ulttmus

Gambrus ultimus
Microgaster ecdytolophae

Lizophaga variabilis, Macrocentrus
delicatus, Labrorychus prismati-
cus, Temelucha minor, Gambrus
ultimus

Lizophaga variabilis, Labrorychus
prismaticus

Apanteles epinotiae

Monodontomerus subobsoletus

Gambrus ultimus
Pimpla aequalis
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Host Parasite
LEPIDOPTERA—Continued
Phalaenidae
Acronicta betulae (Riley) ______________ Mastrus pilifrons
Alabama argillacea (Hbn.), cotton leaf- Syntomosphyrum esurus
worm.
Anomis erosa Hbn. __________________ Lizophaga variabilis, Syntomosphy-
. TUM eSUTUS
Arzama obligua (Wlk.) . ______________ Anachaetopsis tortricis
Celama sorg}qn'ella (Riley) -oooo Temelucha minor
Papaipema nebris (Guen.), stalk borer.. Lizophaga variabilis, Macrocentrus
delicatus
Papaipema nebris nitela Guen.__.______ Lizophaga variabilis
Stibadium spumosum Grote____________ Lizophaga variabilis
Trichoplusia ni (Hbn.), cabbage looper.. Lizophaga variabilis
Arctiidae
Dzi()zcrisia virginica (F.), yellow woolly- Tritneptis hemerocampae
ear.
Estigmene acrea (Dru.), salt-marsh Tritneptis hemerocampae
caterpillar.
Hyphantria cunea (Dru.), fall webworm. Syntomosphyrum esurus
Geometridae
Cory phista meadi (Pack.).____________ Pimpla aequalis
Lymantriidae
Hemerocampa leucostigma (J. E. Sm.), Syntomosphyrum esurus, Tritneptis
white-marked tussock moth. hemerocampae
Nygmia phaeorrhoea (Donov.), brown- Syntomosphyrum esurus
tail moth.
Porthetria dispar (L.), gypsy moth-____ Syntomosphyrum esurus
Stilpnotia salicis (L.), satin moth______ Tritneptis hemerocampae
Papilionidae
Papilio polyzenes asterius Stoll________ Tritneptis hemerocampae
Papiliosp. .o ___________. Arachnophaga frontalys
DIPTERA
Tachinidae
Compsilura concinnata (Meig.) . __ _____ Eurytoma appendigaster
HYMENOPTERA
Tenthredinidae

Ametastegia glabrata (Fall.), dock sawfly . M astrus smithii
Diprion hercyniae (Htg.), European Tritnepitis hemerocampae
spruce sawfly.

Euura salicis-nodus (D.T.)____________ Calliephialtes grapholithae

Macremphytus tarsatus (Say)-_.________ Mastrus smithui
Braconidae

Agathis acrobasidis (Cush.).___________ Calliephialtes grapholithae

Apanteles glomeratus (L.) - ____________ Eurytoma appendigaster

Apanteles lacteicolor Vier.___.__________ Eurytoma appendigaster

Apanteles melanoscelus (Ratz.).._______ Eupelmus spongipartus,

Eurytoma appendigaster,
Haltichella zanticles
Apanteles solitarius (Ratz.) - _________ Eurytoma appendigaster
Macrocentrus ancylivorus Roh..________ Mastrus pilifrons,
Tritneptis hemerocampae,
Eurytoma appendigaster,
Eupelmus limneriae, E
spongipartus, Arachnophaga
frontalis, A. costalis

Macrocentrus delicatus Cress....________ Eupelmus spongipartus,
Perilampus fulvicornis
prothoracicus
Macrocentrus instabilis Mues._.________ Eurytoma appendigaster
- Macrocentrus spp. - —.. - _______ Eupelmus limneriae, Arachnophaga

frontalis, A. costalis, Encyrtaspis
semirufa, Perilampus stygicus,
Eurytoma appendigaster

Meteorus versicolor (Wsml.)____________ Eupelmus spongipartus
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Host
HYMENOPTERA—Continued
Ichneumonidae
Campoplex validus (Cress.)._-_
Gambrus extrematis (Cress.)____

Glypta rufiscutellaris Cress..__-_

Phobocampe disparis (Vier.)____
Temelucha minor Cush ________
Chalcididae
Ceratosmicra debilis (Say)--- -
ARACHNIDA
Gnaphosidae
Gnaphosids....- ...
Zelotes SP.—- - e coee e
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Parasite

_______ Eupelmus limneriae

_______ Mastrus smithii, Monodontomerus
subobsoletus

_______ Eupelmus spongipartus, Eurytoma
appendigaster

_______ Eurytoma appendigaster

_______ Eupelmus spongipartus

_______ Eupelmus limneriae

_______ Arachnophaga frontalis
_______ Lymeon orbum

IMPORTED SPECIES RECOVERED AFTER
LIBERATION

Between 1931 and 1935 numerous
species of parasites obtained from
the oriental fruit moth in Japan,
Korea, Europe, and Australia were
released in peach orchards in the
Eastern United States (Allen et al.
1940). A smaller number of re-
leases were made from 1935 to 1955.
Several of these species were re-
covered from the oriental fruit moth
when it was collected in the field,
and some may have become estab-
lished, although no records proving
acclimatization have been pub-
lished except for Agathis diversa
and A. festzva. The first five of the
parasite species discussed below at-
tack oriental fruit moth larvae in
peach twigs. Phanerotoma graph-
olithae attacks eggs but is recovered
from host larvae. The last two dis-
cussed are cocoon parasites.

There were 21 small releases from
1933 to 1937 of Apanteles molestae
Muesebeck, which was imported
from Japan, at widely separated
locations from Connecticut to
Georgia and west to Michigan and
Kentucky. Two adults were reared
from peach twigs collected at Wil-
liamson, N.Y., 7 days after libera-
tion there.

There were 30 liberations from
1983 to 1937 of Orgilus longiceps
Muesebeck, which was also im-

ported from Japan, at widely sep-
arated locations from Massachu-
setts to Michigan and south to
South Carolina and Arkansas. One
specimen was reared from each of
two localities at Williamson, N.Y.,
from twigs collected 7 days after
liberation.

Macrocentrus thoracicus (Nees),
which is abundant in Japan and
Korea as a parasite of the oriental
fruit moth, was collected in peach
orchards in those countries and re-
leased from 1933 to 1937 in many
locations from Connecticut to Mich-
igan and south to South Carolina.
In 1937 infested twigs were col-
lected from 20 properties shortly
after release of the parasites. From
three of the properties located at
Wixom and Covert, Mich.,, and
Avon Lake, Ohio, seven M. thorac-
icus specimens were recovered from
twigs collected 9 to 20 days after
liberation of the parasites. None
have been recovered subsequently.

Pristomerus vulnerator was im-
ported from Europe, Japan, and
Korea. The FEuropean material
was released in 1932 in New Jersey,
New York, and Tennessee. Several
adults were recovered from the
oriental fruit moth during the same
season as the release and several
more from Amnarsia lineatella the
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following season, but none from
these locations subsequently. The
material from the Orient was re-
leased in 17 widely scattered loca-
tions from Connecticut to Michigan
from 1934 to 1937. Two adults were
recovered from the oriental fruit
moth at Williamson, N.Y., in in-
fested peach twigs collected a week
after release there.

Horogenes molestae, which was
imported from Japan and Korea,
was liberated at 311 locations from
Massachusetts to Illinois and south
to Georgia and Arkansas from 1932
to 1937. In many places there was
a spectacular buildup in the genera-
tion immediately after release fol-
lowed by an abrupt decrease. In
1937 a survey was made of larval
parasitism of twigs in 65 peach
orchards in Ohio, Indiana, Michi-
gan, and TIllinois from 9 to 60 days
after liberation. H. molestae was
recovered throughout the period
and from nearly all the properties
surveyed.  Despite considerable
competition from other parasite
species, the rates of parasitization
for /1. molestae frequently exceeded
50 percent and averaged 16.3 per-
cent of all the insects reared. In
1939 it was again recovered at nine
locations in Indiana, Ohio, and
Michigan after persisting for at
least 2 years following the last re-
leases there, but it has not been
recovered since by workers at the
Moorestown laboratory. In 1951 a
few specimens of /1. molestae were
received from Japan. After a satis-
factory technique was developed for
propagating it in Gnorimoschema
operculella (Allen 1954b), several
thousand adults were released in 10
locations in New York and New
Jersey in 1953.

Large numbers of Phanerotoma
‘grapholithae, obtained as a parasite
of the oriental fruit moth in Japan,
were released from 1933 to 1936 in
132 locations from Massachusetts
to Indiana and south to Georgia and

Tennessee. Shortly after release,
one adult was reared from peach
twigs collected at Moorestown.

From 1951 to 1955, inclusive, P.
grapholithae was propagated at the
Moorestown laboratory from a few
adults received through S. E.
Flanders of the California Agricul-
tural Experiment Station from
Tsinan, Shantung, China. Flan-
ders stated that the parasite was
reared from fruitworms in pear and
apple, presumably Carpocapsa
pomonella mixed with other Lepi-
doptera. During this period more
than 82,000 of these parasites were
released in 207 locations from Con-
necticut to western New York and
Virginia. Most of these locations
were in neglected apple orchards,
where (. pomonella, the oriental
fruit moth, and Grapholitha pruni-
vora were present. About 20 /7.
grapholithae specimens were re-
covered from these liberations, but
usually only one to a collection and
during the same season as the re-
lease. These were reared prin-
cipally from C. pomonella,although
a few were obtained from the
oriental fruit moth. The most en-
couraging recovery was in 1956,
when seven of these parasites were
reared from as many locations,
which had been colonized in 1955
in Connecticut, the Hudson Valley,
and western New York.

Gambrus stokesii Cameron, a
common parasite of €. pomonella
and oriental fruit moth cocoons in
Australia, was imported in 1932.
Small numbers were released in
two locations in 1933. One para-
site was recovered from an orien-
tal fruit moth cocoon at Moores-
town about a week after release
there. In 1939 several thousand of
these parasites were released in 23
locations from Clonnecticut to Mich-
1gan and south to Georgia. No or-
ganized attempt has since been
made to study the cocoon parasites
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of the oriental fruit moth, and the
parasite has not been recovered
from the field since 1933.
Perisierola angulata Muesebeck,
another Australian parasite of ori-
ental fruit moth cocoons, was im-
ported in 1931. During 1932 and
1933 it was released in 76 locations
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from Massachusetts to Illinois and
south to South Carolina and Ken-
tucky. In 1932 and shortly after
these liberations it was recovered
from Beverly, Cinnaminson, and
Moorestown, N.J., Monsey, N.Y.,
%ﬁdgeville, Del., and Henderson,
y.

WHOSE RELATIONSHIP TO THE

ORIENTAL FRUIT MOTH IS UNCERTAIN

Some species have been recorded
in the literature as parasites of the
oriental fruit moth, but their re-
lationship to this insect is ques-
tionable. Several of them may
have been the parasites of some
other host, and they were in-
advertently included in material
with the oriental fruit moth and
incorrectly associated with it. This
error could easily have occurred
when numerous collected specimens
were reared and no effort was made
to isolate the hosts and to check
back to the remains from which the
parasites issued. Where only single
parasite specimens were reared,
even though the oriental fruit moth
was the true host, the rarity of
parasitism would prove it to be
accidental and of no particular con-
sequence. Several other species are
obviously misidentifications.

Those recorded species whose re-
lationship to the oriental fruit moth
is uncertain are as follows:

Actia interruptae Curran

Actia pilipennis Fallén

Agathis conspicua (Wesmael)
Apanteles aristoteliae Viereck
Apanteles epiblemae Muesebeck
Apanteles harti Viereck

Bracon hebetor Say

Campoletis argentifrons (Cresson)
Campoletis patsuiketorum (Viereck)
Chaetochlorops inquilina (Coquillett)
Cubccephalus alacris (Cresson)
Elephantocera greenei Townsend
Eubadizon gracile Provancher
Eurytoma tylodermatis Ashmead
Ewxidechthis nigricoxalis (Cushman)
Glypta phoxopteridis Weed

Glypta varipes Cresson

Glypta vulgaris Cresson

Goniozus columbianus Ashmead
Ichneutidea proteroptoides Viereck
Lampronota sesiavora (Rohwer)
Leskiomima tenera (Wiedemann)
Meteorus hyphantriae Riley
Miotropis clisiocampae Ashmead
Paraolinx nigriventris (Girault)
Phanerotoma tibialis (Haldeman)
Phorocera erecta Coquillett

Rogas platypterigis Ashmead
Spilochalcis flavopicta (Cresson)
Triclistis fulvipes (Cresson)

LITERATURE CITED!

ANONYMOUS.
1936.
VALLEY.
*ALDEN, C. H.

THE CONTROL OF SILVERFISH ; THE ORIENTAL FRUIT MOTH IN THE GOULBURN
Austral. Council Sci. & Indus. Res., Ann. Rpt. 9: 319-321.

1930. APPLE INSECTS AND DISEASES AND HOW TO CONTROL THEM. Ga. State. Bd.

Ent. Bul. 73, 31 pp., illus.

1944.

Bul. 86: 10.

* and CLARKE, W. H.
1931.

BENEFICIAL INSECT AND PREDATOR DISTRIBUTION.

Ga. State Dept. Ent.

THE LIFE-HISTORY AND €ONTROL OF THE ORIENTAL FRUIT MOTH. Ga. State
Bd. Ent. Bul. 74, 23 pp., illus.

! Entries with an asterisk (*) refer to parasitism in the oriental fruit moth.



122 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

ALDRICH, J. M.
1925. TWO NEW SPECIES OF THE TACHINID GENUS LIXOPHAGA, WITH NOTES AND
KEY (DIPTERA). Wash. Ent. Soc. Proe. 27: 132-136.
———— and WEBBER, R. T.
1924. THE NORTH AMERICAN SPECIES OF TWO-WINGED FLIES BELONGING TO THE
GENUS PHOROCERA AND ALLIED GENERA. U.S. Natl. Mus. Proc. 63: 1-90.
*ALLEN, H W.
1932. PRESENT STATUS OF ORIENTAL FRUIT MOTH PARASITE INVESTIGATIONS. Jour.
Econ. Ent. 25 : 360-367.

1943. RELATION BETWEEN PARASITIZATION OF TWIG-INFESTING LARVAE OF THE
ORIENTAL FRUIT MOTH AND SUBSEQUENT INFESTATION OF RIPE PEACHES.
Jour. Agr. Res. 67: 81-88.

1945. SOURCES OF OVERWINTERING MACROCENTRUS ANCYLIVORUS. Jour. Econ.
Ent. 38: 119-120.

1948. HOW TO USE PARASITES AGAINST THE ORIENTAL FRUIT MOTH. U.S. Dept.
Agr. Bur. Ent. and Plant Quar. Cir. 3, 3 pp.

1954a. NOSEMA DISEASE OF GNORIMOSCHEMA OPERCULELLA (ZELLER) AND MACRO-
CENTRUS ANCYLIVORUS ROHWER. Amer. Ent. Soc. Ann. 47 ; 407-424.

1954b. PROPAGATION OF HOROGENES MOLESTAE, AN ASIATIC PARASITE OF THE
ORIENTAL FRUIT MOTH, ON THE POTATO TUBERWORM. Jour. Econ. Ent.
47 : 278-281.

1957. SUSCEPTIBILITY OF MACROCENTRUS ANCYLIVORUS AND OTHER PARASITES OF
THE ORIENTAL FRUIT MOTH TO INSECTICIDES. Jour. Econ. Ent. 50: 50-51.

1958. ORCHARD STUDIES ON THE EFFECT OF ORGANIC INSECTICIDES ON PARASITISM
OF THE ORIENTAL FRUIT MOTH. Jour. Econ. Ent. 51: 82-87.
——— and Brunson, M. H.
1945. A MICROSPORIDIAN IN MACROCENTRUS ANCYLIVORUS. Jour. Econ. Ent. 38:
393.
*—— and BRUNSON, M. H.
1947. CONTROL OF NOSEMA DISEASE IN POTATO TUBERWORM, A HOST USED IN THE
MASS PRODUCTION OF MACROCENTRUS ANCYLIVORUS. Science 105: 394.
*——— and HAEUSSLER, G. J.
1932. AN ATTEMPT TO ESTABLISH AN AMERICAN PARASITE OF THE ORIENTAL FRUIT
MOTH IN FRANCE. Jour. Econ. Ent. 25: 1148-1151.
*——— HoLroway, J. K., and HAEUSSLER, G. J.
1940. IMPORTATION, REARING AND COLONIZATION OF PARASITES OF THE ORIENTAL
FRUIT MOTH. U.8. Dept. Agr. Cir. 561, 61 pp., illus.
#*————and LortT, E.
1930. EPIBLEMA STRENUANA WALK. THE HOST OF CERTAIN PARASITES OF THE
ORIENTAL FRUIT MOTH, LASPEYRESIA MOLESTA BUSCK (LEPIDOPTERA).
Wash. Ent. Soc. Proc. 32: 135-136.
*———and WARREN, A.J.
1932. THE RESULTS FROM TWO YEARS' EXPERIMENTS IN MASS LIBERATIONS OF
TRICHOGRAMMA MINUTUM AGAINST THE ORIENTAL FRUIT MOTH. Jour.
Econ. Ent. 25 : 374-380.
*——— and YETTER, W. P., JR.
1949. BASSUS DIVERSUS, AN ORIENTAL FRUIT MOTH PARASITE ESTABLISHED IN THE
UNITED STATES. Jour. Econ. Ent. 42 : 540.
ASHMEAD, W. H.
1896. DESCRIPTION OF NEW PARASITIC HYMENOPTERA. Amer. Ent. Soc. Trans. 23 :
179-234.
1897. DESCRIPTIONS OF FIVE NEW HYMENOPTEROUS PARASITES ON CANARSIA HAM-
MONDI (RILEY). Wash. Ent. Soc. Proc. 4: 124-125.
BAIrDp, A. B.
1918. SOME NOTES ON THE CONTROL OF THE CHERRY-TREE UGLY NEST TORTRICID,
ARCHIPS CERASIVORANA FITCH. Agr. Gaz. Canada 5: 766-771, illus.
BAKER, W. A, BRADLEY, W. G., and CLARK, C. A.
1949. BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER IN THE UNITED STATES.
U.S. Dept. Agr. Tech. Bul. 983, 185 pp., illus.



PARASITES OF THE ORIENTAL FRUIT MOTH 123

BarLpur, W. V.
1929. BIONOMIC NOTES ON SOME PARASITES OF ACHATODES ZEAE HARRIS (NOCTUI-
DAE, LEP.) AND PHYLOTAENIA TERTIALIS (GUEN.) (PYRALIDAE, LEP.).
Ohio Jour. Sci. 29: 218-242.

1937. BIONOMIC NOTES ON THE COMMON BAGWORM THYRIDOPTERYX EPHEMERAE-
FORMIS HAW. (LEPID. PSYCHIDAE) AND ITS INSECT ENEMIES (HYM.,
LEPID.). Wash. Ent. Soc. Proc. 39 : 169-184, illus.
BEACHER, J. H.
1947. STUDIES OF PISTOL CASE-BEARER PARASITES. Amer. Ent. Soc. Ann. 40:
530-544.
*BLACKBURN, N. D.
1944, SOME ECOLOGICAL STUDIES ON THE PARASITES OF THE ORIENTAL FRUIT MOTH,
GRAPHOLITHA MOLESTA (BUSCK) IN oHIo. Ohio State Univ. Abs. Doc-
tors’ Diss. 44 : 141-146.

1946. REARING ORIENTAL FRUIT MOTHS AND PARASITES FROM INFESTED PEACH
TERMINALS. Jour. Econ. Ent. 39 : 542-543.

1948. THE ORIENTAL FRUIT MOTH GRAPHOLITHA MOLESTA (BUSCK). Ohio Biol.
Survey Bul. 40: 368-374.
BLICKENSTAFF, C. C., ARBUTHNOT, K. D., and Harris, H. M.
1953. PARASITES OF THE EUROPEAN CORN BORER IN 10waA. Iowa State Col. Jour.
Sci. 27: 335-379.
*Bogs, M. L.
1939. PARASITES OF THE ORIENTAL FRUIT MOTH IN VIRGINIA. Jour. Econ. Ent.
32: 605-607.

1942. PARASITES OF THE ORIENTAL FRUIT MOTH AND CERTAIN WEED-INFESTING
LARVAE. Va. Agr. Expt. Sta. Tech. Bul. 79, 23 pp.
BOTTIMER, L. J.
1926. NOTES ON SOME LEPIDOPTERA FROM EASTERN TEXAS. Jour. Agr. Res. 33:
797-819.
Box, H. E.
1933. SUGAR-CANE MOTH BORER (DIATRAEA) INVESTIGATIONS. OUTLINE OF WORK
DONE IN ANTIGUA DURING THE YEAR 1932. Antigua, Colon. Devlpmt.
Fund, 1933, 40 pp., illus.
Boycg, H. R.
19386. LABORATORY BREEDING OF ASCOGASTER CARPOCAPSAE VIER. WITH NOTES ON
BIOLOGY AND MORPHOLOGY. Canad. Ent. 68: 241-246.

1941. BIOLOGICAL CONTROL OF CODLING MOTH IN ONTARIo. Ent. Soc. Ontario,
Ann. Rpt. 71: 40-44.

1947a. LONG TERM TRENDS IN PARASITISM OF TWIG-INFESTING ORIENTAL FRUIT
MOTII LARVAE. Ent. Soc. Ontario, Ann. Rpt. 77 : 21-34, illus.

1947b. NATIVE AND IMPORTED PARASITES OF THE CODLING MOTH IN CANADA.
Quebec Soc. Protect. Plants Rpt. 30 : 97-100.

1949. THE ROLE OF BIOLOGICAL CONTROL IN CANADIAN ORCHARD ENTOMOLOGY.
Ent. Soc. Ontario, Ann. Rpt. 79 : 28-33.
*—_ and DusTAN, G. G.
1954. PARASITISM OF TWIG-INFESTING LARVAE OF TIIE ORIENTAL FRUIT MOTH,
GRAPHOLITHA MOLESTA (BUSCK) (LEPIDOPTERA : OLETHREUTIDAE) IN ON-
TARIo. Ent. Soc. Ontario, Ann. Rpt. 84: 48-55, illus.
BRACKETT, G. E.
1865. [w.r.] Pract. Ent. 1: 19.
BreTT, C. H.
1946. INSECTICIDAL PROPERTIES OF THE INDIGO BUSH (AMORPHA FRUTICOSA).
Jour. Agr. Res. 73 : 81-98.
BRUNER, S. C.
1935. LA MARUCA Y OTROS INSECTOS DE LAS HABAS DE LIMA. Estac. Expt. Agron.
Cuba Bol. 56, 52 pp., illus.



124 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

*Brunson, M. H.
1940. MASS LIBERATION OF PARASITES OF THE ORIENTAL FRUIT MOTH FOR IMME-
DIATE REDUCTION OF INFESTATION. Jour. Econ. Ent. 33 : 346-349.

1948. SECONDARY PARASITES OF THE ORIENTAL FRUIT MOTH THROUGH MACRO-
CENTRUS ANCYLIVORUS. Jour. Econ. Ent. 41: 119-120.
1957. NOTES ON PARASITES OF ORIENTAL FRUIT MOTH COCOONS. Jour. Econ. Ent.
50: 374.
and ALLEN, H. W.
1948. ORIENTAL FRUIT MOTH COCOON PARASITES. Jour. Econ. Ent. 41: 446-450.
and ALLEN, H. W.
1954. JOINT USE OF PARASITES AND INSECTICIDES FOR CONTROL OF THE ORIENTAL
FRUIT MOTH. Jour. Econ. Ent. 47 : 147-152.
BuRrks, B. D.
1940. REVISION OF THE CHALCID-FLIES OF THE TRIBE CHALCIDINI IN AMERICA
NORTH OF MEXICO. U.S. Natl. Mus. Proc. 88: 238-254,
*BUTLER, H. G.
1932. PARASITES OF THE ORIENTAL FRUIT MOTH IN ROANE COUNTY, TENNESSEE.
Tenn. State Hort. Soc. Proc. 27 : 75-80.

1933. LARVAL PARASITES OF THE ORIENTAL FRUIT MOTH IN ROANE COUNTY, TEN-
NFSSEE. Jour. Econ. Ent. 26 : 982-987.
CARLSON, E. C,, LaNGg, W. H., Jr., and ScIaroni, R. H.
1951. DISTRIBUTION AND CONTROL OF THE CABBAGE SEEDPOD WEEVIL IN CALIFORNJA.
Jour. Econ. Ent. 44 : 958-966.
*CARTWRIGHT, O. L.

1935. THE ORIENTAL FRUIT MoTH. S.C. Agr. Expt. Sta. Ann. Rpt. 48: 43-45.
*

1938. ENTOMOLOGY AND zooLoGY. S.C. Agr. Expt. Sta. Ann. Rpt. 51: 63-73.

1939. ORIENTAL FRUIT MOTH. S.C. Agr. Expt. Sta. Ann. Rpt. 52: 77-80.

1940. DAMAGE TO PEACH BY ORIENTAL FRUIT MOTH AND RATE OF PARASITISM TO
LARVAE. 8.C. Agr. Expt. Sta. Ann. Rpt. 53 : 60-68.

1945. [~.1.] S.C. Agr. Expt. Sta. Ann. Rpt. 57 : 57-58.
CHAMBERLAIN, T. R.
1941. THE WHEAT JOINTWORM IN OREGON, WITH SPECIAL REFERENCE TO ITS DIS-
PERSION, INJURY, AND PARASITIZATION. U.S. Dept. Agr. Tech. Bul. 784,
47 pp., illus.
CHAMPLAIN, A. B.
1922. RECORDS OF HYMENOPTEROUS PARASITES IN PENNSYLVANIA. Psyche 29:
95-100.
CraNcY, D. W.
1946a. THE INSECT PARASITES OF THE CHRYSOPIDAE. Calif. Univ. Pubs., Ent. 7:
403496, illus.

*

1946b. NATURAL ENEMIES OF SOME ARIZONA COTTON INSECTS. Jour. Econ. Ent.
39: 326-328.
CLARK, C. A.
1934, THE EUROPEAN CORN BORER AND ITS CONTROLLING FACTORS IN THE ORIENT.
U.8. Dept. Agr. Tech. Bul. 455, 37 pp.
CrAUseN, C. P.
1940. ENTOMOPHAGOUS INSECTS. 688 pp., illus. New York.
CopPEL, H. C.
1947. THE COLLECTION OF SPRUCE BUDWORM PARASITES IN BRITISH COLUMBIA,
WITH NOTES ON THEIR OVERWINTERING HABITS. Ent. Soc. Ontario, Ann.
Rpt. 77: 38-40.
*Cox, J. A.
1932. ASCOGASTER CARPOCAPSAE VIERECK AN IMPORTANT LARVAL PARASITE OF THE
CODLING MOTH AND ORIENTAL FRUIT MOTH. N.Y. (Geneva) Agr. Expt.
Sta. Tech. Bul. 188, 26 pp., illus.
*CRAWFORD, A, W,
1933. GLYPTA RUFISCUTELLARIS CRESS., AN ICHNEUMONID LARVAL PARASITE OF THE
ORIENTAL FRUIT MOTH. N.Y. (Geneva) Agr. Expt, Sta. Tech. Bul. 217,
29 pp., illus.



PARASITES OF THE ORIENTAL FRUIT MOTH 125

CrEIGHTON, J. T.
1937. HOMALEDRA SABALELLA CHAMBERS, THE MAJOR PEST OF PALMS IN FLORIDA.
Jour. Econ. Ent. 30 : 590-595.
CusHMAN, R. A.
1912. NOTES AND EXHIBITIONS OF SPECIMENS. Wash. Ent. Soc. Proc. 14: 90-94.

1915. DESCRIPTIONS OF NEW ICHNEUMONIDAE AND TAXONOMIC NOTES. Wash.
Ent. Soc. Proc. 17 : 137.

1917. EIGHT NEW SPECIES OF ICHNEUMON-FLIES WITH NOTES ON SOME OTHER
spECcIES. U.S. Natl. Mus. Proc. 53: 457-469.

1920. NORTH AMERICAN ICHNEUMON-FLIES, NEW AND DESCRIBED, WITH TAXONOMIC
AND NOMENCLATURAL NOTES. U.S. Natl. Mus. Proc. 58: 251-292, illus.

1926. ADDRESS OF RETIRING PRESIDENT: SOME TYPES OF PARASITISM AMONG THE
ICHNEUMONIDAE. Wash. Ent, Soc. Proe. 28: 25-51.

1927. THE PARASITES OF THE PINE TIP MOTH, RHYACIONIA FRUSTRANA (COM-
sTocK). Jour. Agr. Res. 34: 615-622.

1929. A REVISION OF THE NORTH AMERICAN ICHNEUMON-FLIES OF THE GENUS
MESOSTENUS AND RELATED GENERA. U.S. Natl. Mus. Proc. 74, Art. 16,
58 pp., illus.

1930. NEW SPECIES OF ICHNEUMON-FLIES AND TAXONOMICc NOTES. U.S. Natl
Mus. Proc. 76, Art. 25, 18 pp.

1935. NEW ICHNEUMON-FLIES. Wash. Acad. Sci. Jour. 25: 547-564.
DarLa Torerg, C. G. DE.
1898. CATALOGUS HYMENOPTERORUM HUCUSQUE DESCRIPTORUM SYSTEMATICUS ET
SYNONYMICUS; CHALCIDAE ET PROCTOTRUPIDAE 5. 598 pp. Leipzig.
*DANIEL, D. M.
1928. THE ORIENTAL PEACH MOTH IN NEW YORK. N.Y. (Geneva) Agr. Expt.
Sta. Cir. 106, 8 pp., illus.

1930. ORIENTAL PEACH MOTH PARASITE WORK IN NEW YORK. Jour. Econ. Ent.
23: 215-217.

1982. MACROCENTRUS ANCYLIVORUS ROHWER, A POLYEMBRYONIC BRACONID PARASITE
OF THE ORIENTAL FRUIT MOTH. N.Y. (Geneva) Agr. Expt. Sta. Tech.
Bul. 187, 101 pp., illus.

1936. UTILIZING PARASITES IN CONTROLLING THE ORIENTAL FRUIT MOTH. AIner.
Ent. Soc. Ann. 29: 640-644.
*__ Cox, J., and CRAWFORD, A.
1933. BIOLOGICAL CONTROL OF THE ORIENTAL FRUIT MOTH. N.Y. (Geneva) Agr.
Expt. Sta. Bul. 635, 27 pp., illus.
Daviavurr, L.
1935. CONTRIBUTION A L'’ETUDE DES INSECTES DU BOULEAU. Nat. Canad. 62:
237-256, illus.
DEeckER, G. C.
1935. THE PARASITES OF SOME LEPIDOPTEROUS STALK BORERS IN IOWA. Iowa
State Col. Jour. Sci. 9: 567-580.
DOHANIAN, S. M.
1042. PARASITES OF THE FILBERT WORM. Jour. Econ. Ent. 35: 836-841.
DoNDALE, C. D.
1954. BIOLOGY OF AGATHIS LATICINCTUS (CRESS.) (HYMENOPTERA, BRACONIDAE),
A PARASITE OF THE EYE-SPOTTED BUDMOTH IN NOvA scoriA. Canad. Ent.
86: 4044,
DoNER, M. H.
1936. HYMENOPTEROUS PARASITES OF COLEOPHORA PRUNIELLA CL. AND PARASITES
RECORDED FROM OTHER SPECIES OF COLEOPHORA. Amer. Ent. Soc. Ann.
29: 224-244.
Dovurr, R. L., and FINNEY, G. L.
1947. MASS-CULTURE TECHNIQUE FOR DIBBACHYS CAVUS. Jour. Econ. Ent. 40:
577.



126 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

DowbEN, P. B.
1935. BRACHYMERIA INTERMEDIA (NEES), A PRIMARY PARASITE, AND B. COMPSILU-
RAE (CWEFD.) A SECONDARY PARASITE OF THE GYPSY MOTH. Jour. Agr.
Res. 50: 495-523, illus.
BuUcHANAN, W. D,, and CAroLIN, V. M.
1948. NATURAL-CONTROL FACTORS AFFECTING THE SPRUCE BUDWORM. Jour. Econ.
Ent. 41: 457464
———CaARroLIN, V. M., and Dirks, C. O.
1950. NATURAL CONTROL FACTORS AFFECTING THE SPRUCE BUDWORM IN THE ADI-
RONDACKS, 1946-1948. Jour. Econ. Ent. 43 : 774-7883.
Dozier, H. L., BUTLER, H. G., and WirLLIaMS, L. L.
1929. BIONOMICS AND CONTROL OF THE CODLING MOTH. Del. Agr. Expt. Sta. Bul.
162: 29-33.
*DRIGGERS, B. F.
1929. SOME PARASITES OF THE ORIENTAL PEACH MOTH IN NEW JERSEY. N.Y. Ent.
Soc. Jour. 37 : 169-170.

1930a. ORIENTAL PEACH MOTH. N.J. Agr. Expt. Sta. Ann. Rpt. 1928/29 : 150-167.

1930b. SOME STUDIES OF THE LARVAL PARASITES OF THE ORIENTAL PEACH MOTH
(LASPEYRESIA MOLESTA BUSCK). N.J. Agr. Expt. Sta. Bul. 510, 19 pp.,
illus.

1931. ORIENTAL FRUIT MOTH INVESTIGATIONS. N.J. Agr. Expt. Sta. Ann. Rpt.
1929/30 : 148-159.

1932. COCOON PARASITES OF THE ORIENTAL FRUIT MoTH. N.Y. Ent. Soc. Jour.
40: 489-496.

1940. ORIENTAL FRUIT MOTH LARVAL PARASITISM AS RELATED TO INFESTATION.
Jour. Econ. Ent. 33 : 353-357.

1941. THREE YEARS’' SURVEY AND LIBERATION OF ORIENTAL FRUIT MOTH PARASITES
IN PEACH ORCHARDS IN NORTHERN NEW JERSEY. Jour. Econ. Ent. 84 :
239244,

1944. ORIENTAL FRUIT MOTH PARASITE LIBERATIONS AND SURVEYS. Jour. Econ.
Ent. 37: 235-237.
*EppY, C. O., BRUNSON, M. H., and CLARKE, W. H.
1930. THE ORIENTAL PEACH MOTH. S.C. Agr. Expt. Sta. Cir. 38, 31 pp., illus.
and NerTLES, W. C.
1931. BIOLOGICAL STUDIES OF THE ORIENTAL FRUIT MOTH IN SOUTH CAROLINA.
S.C. Agr. Expt. Sta. Bul. 278, 21 pp., illus.

*

FarRwiICcK, S.

1947. 2zUR KENNTNIS DER HYPERPARASITEN VON PIERIS BRASSICAE L. UBER EINIGE
CHALCIDIDEN ALS PARASITEN VON APANTELES GLOMERATUS L. Inst.
Pflanzenkrankheiten, Univ. Bonn. 109 pp., illus. Bonn.

FENTON, F. A., and DunHAM, E. W.

1929. BIOLOGY OF THE COTTON BOLL WEEVIL AT FLORENCE, s.c. U.S. Dept. Agr.

Tech. Bul. 112, 75 pp., illus.
FINK, D. A.

1926. THE BIOLOGY OF MACROCENTRUS ANCYLIVORUS ROH., AN IMPORTANT PARASITE
OF THE STRAWBERRY LEAF-ROLLER (ANCYLIS COMPTANA FROEHL.). Jour.
Agr. Res. 32: 1121-1134, illus.

1932. BIOLOGY AND HABITS OF THE STRAWBERRY LEAF-ROLLER, ANCYLIS COMPTANA
(FROEL.), IN NEW JERSEY. Jour. Agr. Res. 44: 541-558, illus.
FINNEY, G. L., FLANDERS, 8. E., and SMm1TH, H. S.
1944. THE POTATO TUBER MOTH AS A HOST FOR MASS PRODUCTION OF MACROCEN-
TRUS ANCYLIVORUS. Jour. Econ. Ent. 37 : 61-64.

FLANDERS, 8. E., and SMmiITH, H. S.
1947. MASS CULTURE OF MACROCENTRUS ANCYLIVORUS AND ITS HOST, THE POTATO

TUBER MOTH. Hilgardia 17 : 437483, illus.




PARASITES OF THE ORIENTAL FRUIT MOTH 127

FLANDERS, S. B.
1926. INSECT ENEMIES OF THE CODLING MOTH IN THE VICINITY OF VENTURA, CAL.
Pan-Pacific Ent. 3 : 44-45.
1927. BIOLOGICAL CONTROL OF THE CODLING MOTH (CARPOCAPSA POMONELLA).
Jour. Econ. Ent. 20: 644.

1928. DEVELOPMENTS IN TRICHOGRAMMA PRODUCTION. Jour. Econ. Ent. 21: 512,

1929. THE MASS PRODUCTION OF TRICHOGRAMMA MINUTUM RILEY AND OBSERVA-
TIONS ON THE NATURAL AND ARTIFICIAL PARASITISM OF THE CODLING
MOTH EGG. Internatl. Cong. Ent. 4, Trans. 2: 110-130, illus.

1945. THE ROLE OF THE SPERMATOPHORE IN THE MASS PROPAGATION OF MACRO-
CENTRUS ANCYLIVORUS. Jour. Econ. Ent. 38: 323-32T7.
FLEMING, W. E., CoLEs, L. W., and MAINES, W. W.
1951. BIOLOGICAL ASSAY OF RESIDUES OF DDT AND CHLORDANE IN S0IL USING MACRO-
CENTRUS ANCYLIVORUS AS A TEST INSECT. Jour. Econ. Ent. 44 : 310-315.
*FLINT, W. P., and CHANDLER, S. C.
1931. THE PRESENT STATUS OF ORIENTAL FRUIT MOTH CONTROL. Ill. State Hort.
Soc. Rpt. 1930 : 558-559.
ForsoMm, J. W.
1936. OBSERVATIONS OF MICROBRACON MELLITOR (SAY) IN RELATION TO THE BOLL
weeviL. Jour. Econ. Ent. 29: 111-116.
FraNkLIN, H. J.
1915. REPORT OF CRANBERRY SUB-STATION FOR 1914. Mass. Agr. Expt. Sta. Bul
160: 91-117.

1950. CRANBERRY INSECTS IN MASSACHUSETTS. Mass. Agr. Expt. Sta. Bul. 445,
Pts. 2-7, 88 pp., illus.
Frienp, R. B.
1927. THE BIOLOGY OF THE BIRCH LEAF SKELETONIZER, BUCCULATRIX CANADENSI-
ELLA CHAMBERS. Conn. Agr. Expt. Sta. Bul. 288: 393-486.
GAHAN, A, B.
1927. MISCELLANEOUS DESCRIPTIONS OF NEW PARASITIC HYMENOPTERA WITH SOME
SYNONYMICAL NoTES. U.S. Natl. Mus. Proc. 71: 10-12.

1933. THE SERPHOID AND CHALCOID PARASITES OF THE HESSIAN FLY. U.S. Dept.
Agr. Misc. Pub. 174, 147 pp., illus.

1941. A REVISION OF THE CHALCID-FLIES OF THE GENUS MONODONTOMERUS IN THE
UNITED STATES NATIONAL MUSEUM. U.S. Natl. Mus. Proc. 90: 461-482.

1943. BEVISION OF TWO GENERA OF CHALCID-FLIES BELONGING TO THE FAMILY
EUPELMIDAE FROM NORTH AND SOUTH AMERICA. U.S. Natl. Mus. Proc.
94 : 339-369.
*GARMAN, P.

1917. THE ORIENTAL PEACH PEST. Md. Agr. Expt. Sta. Bul. 209, 16 pp., illus.
%

1918. A COMPARISON OF SEVERAL SPECIES OF LEPIDOPTERA INFESTING PEACH AND
APPLE IN MARYLAND, WITH ADDITIONAL NOTES ON THE ORIENTAL PEACH
morH. Md. Agr. Expt. Sta. Bul. 223 : 103-126, illus.

1926. THE ORIENTAL PEACH MOTH IN 1925. Conn. Agr. Expt. Sta. Bul. 275:
280-286, illus.

1927. WORK WITH ORIENTAL PEACH MOTH IN 1926. Conn. Agr. Expt. Sta. Bul.
285 : 234-239.

1929. THE ORIENTAL FRUIT MOTH IN CONNECTICUT. ‘Conn. Agr. Expt. Sta. Bul.
305 : 231234, illus.

1930a. THE ORIENTAL PEACH MOTH IN CONNECTICUT. Conn. Agr. Expt. Sta. Bul.
313: 401451, illus.

629265 0—62——9



128 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

*GArRMAN, P.—Continued
1930b. ORIENTAL FRUIT MOTH WORK IN 1980. Conn. Agr. Expt. Sta. Bul. 327:
521-525, illus.

1933a. NOTES ON BREEDING MACROCENTRUS ANCYLIVORUS FROM REARED HOSTS.
Jour. Econ. Ent. 26 : 330-334.

1933b. REPORT ON ORIENTAL FRUIT MOTH PARASITE WORK. ‘Conn. Agr. Expt. Sta.
Bul. 349: 427-428,.

1934. LARGE SCALE BREEDING OF DIBRACHYS PARASITES. Conn. Agr. Expt. Sta.
Bul. 360: 476.

1936. REPORT ON PARASITE WORK FOR 1985. Conn. Agr. Expt. Sta. Bul. 383:
325-326.

1938. ORIENTAL FRUIT MOTH PARASITE WORK, 1987. Conn. Agr. Expt. Sta. Bul.
408 : 222-227.

1939. REPORT ON PARASITE WORK, 1938. Conn. Agr. Expt. Sta. Bul. 428: 65-68.

1940. ORIENTAL FRUIT MOTH PARASITES. Conn. Agr. Expt. Sta. Cir. 140: 29-47,
illus.

and BRicHAM, W. T.

1933. STUDIES ON THE PARASITES OF THE ORIENTAL FRUIT MOTH, II. MACRO-
CENTRUS ANCYLIVORUS. ‘Conn. Agr. Expt. Sta. Bul. 356, 116 pp., illus.

and BricEAM, W. T.

1935. NOTES ON THE SUPPOSED IDENTITY OF ASCOGASTER CARPOCAPSAE VIER. AND
ASCOGASTER QUADRIDENTATUS WESM. Conn. Agr. Expt. Sta. Bul. 368:
252-253.

BricEAM, W. T., and DE CAPRIO, A.

1953. ORIENTAL FRUIT MOTH, GRAPHOLITHA MOLESTA (BUSCK). ‘Conn. Agr. Expt.
Sta. Bul. 575: 12-21, illus.

and SCHREAD, J. C.

1931. IMPORTANCE OF THE SEX RATIO IN ORIENTAL FRUIT MOTH PARASITE BREED-
ING. Amer. Ent. Soc. Ann. 24 : 424-426.

ScHREAD, J. C., BRicEAM, W. T., and SMITH, G. R.

1940. REPORT ON PARASITE WORK FOR 1989. Conn. Agr. Expt. Sta. Bul. 434:
258-260.

GLEISSNER, B. D.

1943. BIOLOGY AND CONTROL OF BERRY MOTH IN THE ERIE GRAPE BELT WITH NOTES
ON OTHER GRAPE INSECTS. Pa. Agr. Expt. Sta. Bul. 451: 33-34.

GorHAM, D. B.

1847. THE COTTON WORM, ITS HISTORY, CHARACTER, VISITATIONS, ETC. DeBow’s
Com. Rev. 3: 539-541.

*

*GRANDI, G.
1933. INTRODUZIONE IN ITALIA DI UN IMMENOTTERO AMERICANO PARASITA DELLA
CYDIA MOLESTA BUSCK. Ital. Agr. 70, No. 11, 6 pp., illus.

1937. PARASSITI DELLA CYDIA MOLESTA BUSCK RISCONTRATI NELL' EMILIA.
Bologna Ist. Ent. Bol. 9: 250-252.
GREENE, C. T.
1922. AN ILLUSTRATED SYNOPSIS OF THE PUPARIA OF 100 MUSCOID FLIES. (DIP-
TERA). U.S. Natl. Mus. Proec. 60, 39 pp., illus.
*HADEN, W. R.
1985. PARASITISM OF THE ORIENTAL FRUIT MOTH WITH SPECIAL REFERENCE TO THE
IMPORTANCE OF CERTAIN ALTERNATE HOSTS. Del. Agr. Expt. Sta. Bul.
194, 42 pp., illus.
*HAEUSSLER, G. J.
1930. PARASITES OF THE ORIENTAL PEACH MOTH, LASPEYRESIA MOLESTA BUSCK, IN
NORTH AMERICA. Jour. Agr. Res. 41: 365-377.

1932. MACROCENTRUS ANCYLIVORUS ROH. AN IMPORTANT PARASITE OF THE ORIENTAL
FRUIT MOTH. Jour. Agr. Res. 45: 79-100.



PARASITES OF THE ORIENTAL FRUIT MOTH 129

*HAEUSSLER, G. J.—Continued
1933. THE ORIENTAL FRUIT MOTH, GRAPHOLITHA MOLESTA BUSCK, AND ITS PARA-
SITES IN FRANCE AND ITALY. Fifth Internatl. Cong. Ent. Paris 2:
533-537.
1940. PARASITES OF THE ORIENTAL FRUIT MOTH IN JAPAN AND CHOSEN AND THEIR
INTRODUCTION INTO THE UNITED STATES. U.S. Dept. Agr. Tech. Bul.
728, 62 pp., illus.
HAMILTON, J.
1890. THE INHABITANTS OF A HICKORY NUT HULL. Ent. News 1: 49-51.

1894. MONONYCHUS VULPECULUS FAB. AND ITS PARASITES. Ent. News 5: 287-288.
*HELSON, G. A. H.
1939. THE ORIENTAL PEACH MOTH (CYDIA MOLESTA BUSCK) INVESTIGATIONS IN
THE GOULBURN VALLEY, VICTORIA. Austral. Council Sci. & Indus. Res.,
Pam. 88, 23 pp.

1947. INVESTIGATIONS ON THE CONTROL OF THE ORIENTAL PEACH MOTH, CYDIA
MOLESTA BUSCK, IN THE GOULBURN VALLEY, VICTORIA. Austral. Council
Sci. & Indus. Res., Jour. 20: 17-24 illus.

HENSILL, G. S.

1933. LARVAL PARASITES OF THE CODLING MOTH IN THE SANTA CLARA VALLEY,

CALIFORNIA. Jour. Econ. Ent. 26 : 603.
HiwL, C. C., PINCKNEY, J. 8., and UDINE, E. J.

1939. STATUS AND RELATIVE IMPORTANCE OF THE PARASITES OF THE HESSIAN FLY

IN THE ATLANTIC STATES. U.S. Dept. Agr. Tech. Bul. 689, 15 pp.
HorruMman, C. H.

1936. A POPULATION STUDY OF CACOECIA CERASIVORANA FITCH WITH SPECIAL REFER-
ENCE TO ITS INSECT PARASITES (TORTRICIDAE-LEPIDOPTERA). Brooklyn
Ent. Soc. Bul. 31:209-211.

HoLLoway, J. K.

1934. THE SEX RATIO OF MACROCENTRUS ANCYLIVORUS ROH. Jour. Econ. Ent.

27: 1196.
Howagp, L. O.

1897. A STUDY IN INSECT PARASITISM. A CONSIDERATION OF THE PARASITES OF
THE WHITE-MARKED TUSSOCK MOTH, WITH AN ACCOUNT OF THEIR HABITS
AND INTERRELATIONS, AND WITH DESCRIPTIONS OF NEW SPECIES. U.S.
Dept. Agr. Div. Ent. Tech. Ser. 5, 57 pp., illus.

———and Fiskg, W. F.

1911. THE IMPORTATION INTO THE UNITED STATES OF THE PARASITES OF THE GYPSY
MOTH AND THE BROWN-TAIL MOTH. U.S. Dept. Agr. Bur. Ent. Bul. 91,
312 pp., illus.

*Hovr, A. S.

1954. REPORT OF THE CHIEF OF THE BUREAU OF ENTOMOLOGY AND PLANT QUARAN-

TINE, 1953. 86 pp. U.S. Dept. Agr., Washington, D.C.
HunTER, W. D, and Hinps, W. E.

1905. THE MEXICAN COTTON BOLL WEEVIL (ANTHONOMUS GRANDIS BOH.). U.S.

Dept. Agr. Ent. Bul. 51, 818 pp,, illus.
*IsHI1, T.

1940. PROBLEMS OF BIOLOGICAL CONTROL IN JAPAN. Sixth Pacific Cong. Proc.

1939 : 365-367.
JaynEs, H. A, and BYynuy, E. K.

1941. EXPERIMENTS WITH TRICHOGRAMMA MINUTUM RILEY AS A CONTROL OF THE
SUGAR CANE BORER IN LOUISIANA. U.S. Dept. Agr. Tech. Bul. 743, 43 pp.,
illus.

———— and Marvucer, P. E.
1947. EFFECT OF ARTIFICIAL CONTROL PRACTICES ON THE PARASITES AND PREDATORS
OF THE CODLING MOTH. Jour. Econ. Ent. 40: 9-25.
JorNsoN, C. W.
1916. PARASITES OF ARCHIPS CERASIVORANA FITCH. Psyche 23: 81.
JoHNSTON, F. A.

1913. ON THE FEEDING HABITS OF PIMPLA (ITOPLECTIS) CONQUISITOR SAY. Jour.

Econ. Ent. 6 : 144-147.
Jupp, W. W.

1951. HYMENOPTERA AND AN INQUILINE MOTH REARED FROM THE GOLDEN-ROD GALL
CAUSED BY GNORIMOSCHEMA GALLAESOLIDAGINIS RILEY (LEPIDOPTERA).
Nova Scotia Inst. Sci. Proc. 22: 1-T.



130 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

KeLLy, E. O. G.
1910. STUDIES OF THE DEVELOPMENT OF EUPELMUS ALLYNII FRENCH AND STICTO-
NOTUS ISOSOMATUS RILEY. Jour. Econ. Ent. 3: 202-204.
KRroMBEIN, K. V., and COLLABORATORS.
1958. HYMENOPTERA OF AMERICA NORTH OF MEXICO. SYNOPTIC CATALOG. Iirst
sup., 305 pp. U.S. Dept. Agr., Washington, D.C.
LemBYy, R. W.
1922, BIOLOGY OF THE GOLDEN-ROD GALL-MAKER GNORIMOSCHEMA GALLAESOLIDA-
GINIS RILEY. N.Y. Ent. Soc. Jour. 30: 81-94.
LeoNARD, M. D.
1920. A DIPTEROUS PARASITE OF THE PARSNIP WEBWORM. Jour. Econ. Ent. 13:
491492,
and COLLABORATORS.
1928. A LIST OF THE INSECTS OF NEW YORK WITH A LIST OF THE SPIDERS AND
CERTAIN OTHER ALLIED GROUPS. N.Y. (Cornell) Agr. Expt. Sta. Mem.
101, 1121 pp.
*LEPAGE, H. 8., and Fapieas, M., Jr.
1944, A MARIPOSA ORIENTAL DAS FRUTAS, GRAPHOLITA MOLESTA (BUSCK). Bio-
logico 10: 135-140.
L1, FENG-SWEN.
1936. PINK BOLLWORM PROBLEM. Ent. and Phytopath. 4 (16-17) : 322-334.
Lroyp, D. C.
1944. A STUDY OF THE CODLING MOTH AND ITS PARASITES IN CALIFORNIA. Sei.
Agr. 24 ; 456-478, illus.
*LoPEz-CRISTOBAL, U.
1938. TWO NEW AUXILIARIES OF ARGENTINE FRUIT GROWING, CREMASTUS FLAVI-
VENTRIS AND C. RUBEO N.8. La Plata Univ. Nac., Facultad de Agron.,
Zool. Lab. Bol. 4, 5 pp.

1941. EL “GUSANO DEL DURAZNERO” CYDIA (LASPEYRESIA) MOLESTA BUSCK. Ar-
gentina Min. de Agr., Dir. de Sanit. de Veg., Div. Zool. Agr., 5 pp.
[Processed.]
McCLuURE, H. E.
1933a. THE EFFECTIVENESS OF THE STING OF AENOPLEX CARPOCAPSAE CUSHMAN
(HYMEN.: ICHNEUMONIDAE). Ent. News 44: 4849,

1933b. UNUSUAL VARIATION IN THE LIFE-CYCLE OF THE MALE OF AENOPLEX
CARPOCAPSAE CUSH., CODLING MOTH PARASITE. Amer. Ent. Soc. Ann.
26: 345-347.
*McCoNNELL, H. S.

1928. THE ORIENTAL FRUIT MOTH. Md. Agr. Expt. Sta. Bul. 298: 179-180.
*

1932. ORIENTAL FRUIT MOTH PARASITES IN MARYLAND. Jour. Econ. Ent. 25:
367-370.

1934. THE ORIENTAL FRUIT MOTH IN MARYLAND. Md. Agr. Expt. Sta. Bul. 364 :
411456, illus.
McCoNNELL, W. R.
1918. EUPELMINUS SALTATOR LINDM. AS A PARASITE OF THE HESSIAN FLY. Jour.
Econ. Ent. 11: 168-175.
McCov, E. E.
1947. ELIMINATION OF A MICROSPORIDIAN PARASITE IN THE MASS REARING OF
MACROCENTRUS ANCYLIVORUS. N.Y. Ent. Soc. Jour. 55: 51-55.
MACCREARY, D., and STEARNS, L. A.
1955. FLIGHT RECORDS OF SOME HYMENOPTEROUS PARASITES ACROSS DELAWARE
BAY. Brooklyn Ent. Soc. Bul. 50: 92-94,
McGueaN, B. M.
1955. CERTAIN HOST-PARASITE RELATIONS INVOLVING THE SPRUCE BUDWORM.
Canad. Ent. 87: 179-187.
MAgsH, F. L.
1936. EGG PLACING BY DIBRACHYS BOUCHEANUS RATz. Canad. Ent. 68: 215-216.

1937. BIOLOGICAL OBSERVATIONS UPON THE ENEMIES OF CECROPIA WITH PARTICULAR
REFERENCE TO ITS HYMENOPTEROUS PARASITES. Ecology 18: 106-112,
MarsH, H. O.
1917. LIFE HISTORY OF PLUTELLA MACULIPENNIS, THE DIAMOND-BACK MOTH.
Jour. Agr. Res. 10, 9 pp., illus,



PARASITES OF THE ORIENTAL FRUIT MOTH 131

MARTIN, C. H.
1928. BIOLOGICAL STUDIES OF TWO HYMENOPTEROUS PARASITES OF AQUATIC INSECT
Ecas. Ent. Amer. 8: 105-154, illus.
——— and FINNEY, G. L.
1946. CONTROL OF THE SEX RATIO IN MACROCENTRUS ANCYLIVORUS. Jour. Hcon.
Ent. 39: 296-298.
*MARviN, P. H.
1945. EFFECTIVENESS OF MACROCENTRUS ANCYLIVORUS REARED FROM STRAWBERRY
LEAF ROLLER IN PARASITIZING ORIENTAL FRUIT MOTH. Jour. Econ. Ent.
38: 119.
*MERRITT, J. M.
1933a. NATIVE PARASITES AS A CONTROL FOR THE ORIENTAL FRUIT MOTH. Mich.
Agr. Expt. Sta. Quart. Bul. 15: 224-225.

1933b. ORIENTAL FRUIT MOTH PARASITES IN MICHIGAN. Jour. Econ. Ent. 26:
788-792.
MILLER, J. H., and CRISFIELD, G. F.
1930. THE PRESENCE IN GEORGIA OF BRACON MELLITOR SAY, A PARASITE OF THE
COTTON BOLL WEEVIL. Jour. Econ. Ent. 23 : 607-608.
MiLLiroN, H. E.
1953. SECOND REPORT ON THE PERFORMANCE OF EUROPEAN CORN BORER PARASITES
IN DELAWARE. Amer, Ent. Soc. Ann. 46 : 115-123.
MONTGOMERY, B. E.
1933. PBELgIgABY STUDIES OF INSECT PARASITES IN INDIANA. Canad. Ent. 65:
185-190.

1935. NOTES ON THE BIOLOGY AND THE DEVELOPMENT STAGES OF GLYPTA RUFI-
SCUTELLARIS CRESS., A LARVAL PARASITE OF THE ORIENTAL FRUIT MOTH.
Jour. Econ. Ent. 28: 371-376.

Morris, K. R. S.

1938. EUPELMELLA VESICULARIS RETZ (CHALCIDIDAE) AS A PREDATOR OF ANOTHER
CHALCID, MICROPLECTRON FUSCIPENNIS ZzETT. Parasitology 30: 20-32,
illus.

MUESEBECK, C. F. W.

1920. A REVISION OF THE NORTH AMERICAN SPECIES OF ICHNEUMON-FLIES BE-

LONGING TO THE GENUS APANTELES. U.S. Natl. Mus. Proc. 58: 483-576.

1925. A REVISION OF THE PARASITIC WASPS OF THE GENUS MICROBRACON OCCURRING
IN AMERICA NORTH OF MEx1co. U.S. Natl. Mus. Proc. 67, Art. 8, 85 pp,,
illus. :

1927. A REVISION OF THE PARASITIC WASPS OF THE SUBFAMILY BRACONINAE OC-
CURRING IN AMERICA NORTH OF MExico. U.S. Natl. Mus. Proc. 69, Art.

16, 78 pp., illus.

1932. REVISION OF THE NEARCTIC ICHNEUMON-FLIES OF THE GENUS MACROCENTRUS.
U.S. Natl. Mus. Proc. 80, Art. 23, 55 pp.

1935. THREE NEWLY REARED PARASITES OF PARASITIC HYMENOPTERA WITH SOME
RELATED NOTES ON SYNONYMY. Wash. Acad. Sci. Jour. 25: 279-283.
— and DoHANIAN, S. M.
1927. A STUDY OF HYPERPARASITISM WITH PARTICULAR REFERENCE TO THE PARA-
SITES OF APANTELES MELANOSCELUS RATz. U.S. Dept. Agr. Bul. 1487,
35 pp., illus.
— KroMBEIN, K. V., TownEs, H. K., and others.
1951. HYMENOPTERA OF AMERICA NORTH OF MEXICO. SYNOPTIC CATALOG. U.8.
Dept. Agr. Agr. Monog. 2, 1420 pp.
*NEISWANDER, R. B.
1936. ORIENTAL FRUIT MOTH INVESTIGATIONS IN OHIO II. Ohio Agr. Expt. Sta.
Bul. 569, 30 pp., illus.
and VoGEL, M. A.
1931. THE ORIENTAL FRUIT MOTH. Ohio Agr. Expt. Sta. Bul. 470: 91-94.
and VoGEL, M. A.
1933. ORIENTAL FRUIT MOTH GRAPHOLITHA MOLESTA BUSCK. Ohio Agr. Expt.
Sta. Bul. 516: 52-53.




132 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

*NETTLES, W. C.
1932. INSECT PESTS AND RELATED MATTERS. S.C. Agr. Expt. Sta. Ann. Rpt. 45:
65-79.

1934. PUPAL PARASITES OF THE ORIENTAL FRUIT MOTH IN SOUTH CAROLINA—A
PRELIMINARY REPORT. Jour. Econ. Ent. 27: 814-817.
NEWCOMER, E. J.
1928. THE CODLING MOTH PARASITE, ASCOGASTER CARPOCAPSAE. Jour. Econ. Ent.
21: 221.
NickkeLs, C. B., PiErcE, W. C,, and PINKNEY, C. C.
1950. PARASITES OF THE PECAN NUT CASEBEARER IN TEXAS. U.S. Dept. Agr. Tech.
Bul. 1011, 21 pp., illus.
NosLE, L. W., and HUNT, W. T.
1942, METHODS OF REARING PINK BOLLWORM PARASITES CHELONUS AND MICRO-
BRACON. Jour. Econ. Ent. 35: 597.
PACKARD, C. M.
1916. LIFE-HISTORIES AND METHODS OF REARING HESSIAN-FLY PARASITES. Jour.
Agr. Res. 6: 367-381, illus.
PEPPER, B. B., and DricGERs, B. F.
1934. NON-ECONOMIC INSECTS AS INTERMEDIATE HOSTS OF PARASITES OF THE
ORIENTAL FRUIT MOTH. Amer. Ent. Soc. Ann. 27 : 593-598.
*PETERSON, A,
1926. ADDITIONAL INFORMATION ON THE BAITS ATTRACTIVE TO THE ORIENTAL FRUIT
MOTH. Jour. Econ. Ent. 19 : 429439, illus.

1929. SOME REMARKS ON THE PRESENT STATUS OF INSECTICIDAL AND BIOLOGICAL
CONTROL INVESTIGATIONS FOR THE ORIENTAL PEACH MOTH. Ent. Soc.
Ontario, Ann. Rpt. 59: 81-86.

1930. A BIOLOGICAL STUDY OF TRICHOGRAMMA MINUTUM RILEY AS AN EGG PARASITE
OF THE ORIENTAL FRUIT MOTH. U.S. Dept. Agr. Tech. Bul. 215, 21 pp.,
illus.

1946. LABORATORY TESTS SHOWING THE EFFECT OF DDT ON SEVERAL IMPORTANT
PARASITIC INSECTS. Ohio Jour. Sci. 46 : 323-326.
and HAEUSSLER, G. J.
1926. THE ORIENTAL FRUIT MOTH. U.S. Dept. Agr. Cir. 395, 27 pp., illus.
PHILLips, W. J., and Poos, F. W.
1921. LIFE-HISTORY STUDIES OF THREE JOINTWORM PARASITES. Jour. Agr. Res.
21: 405426, illus.
and Poos, F. W.
1927. TWO HYMENOPTEROUS PARASITES OF AMERICAN JOINTWORMS. Jour. Agr.
Res. 34 : 473482,
PieLovu, D. P.
1951. SELECTION FOR DDT TOLERANCE IN MACROCENTRUS ANCYLIVORUS. HEnt. Soc.
Ontario, Ann. Rpt. 81: 44-45.
and GLASSER, R. F.
1952. SELECTION FOR DDT RESISTANCE IN A BENEFICIAL INSECT PARASITE. Science
115: 117-118.
PIERCE, W. D.
1908. STUDIES OF PARASITES OF THE COTTON BOLL WEEVIL. U.S. Dept. Agr.
Bur. Ent. Bul. 73, 63 pp., illus.
CusHMAN, R. A., and Hoop, C. E.
1912, THE INSECT ENEMIES OF THE COTTON BOLL WEEVIL. U.S. Dept. Agr. Bur.
Ent. Bul. 100, 99 pp., illus.

*

Poos, F. W,
1928, AN ANNOTATED LIST OF SOME PARASITIC INSECTS. Wash. Ent. Soc. Proc.
30: 145-150.
and HETRICK, L. A.
1945. TETRALOPHA SCORTEALIS (LED.) A NEW PEST OF LESPEDEzZA. Jour. Econ.
Ent. 38: 315.
PORTER, B. A., and GARMAN, P.
1923. THE APPLE AND THORN SKELETONIZER. Conn. Agr. Expt. Sta. Bul. 246:
247-264, illus.
PROPER, A. B.
1934. HYPERPARASITISM IN THE CASE OF SOME INTRODUCED LEPIDOPTEROUS TREE
DEFOLIATORS. Jour. Agr. Res. 48: 359-376.




PARASITES OF THE ORIENTAL FRUIT MOTH 133

*PurNnaM, W. L.
1985a. NOTES ON THE NATIVE HOSTS OF SOME ORIENTAL FRUIT MOTH PARASITES.

Canad. Ent. 67: 46-49.

1985b. NOTES ON THE HOSTS AND PARASITES OF SOME LEPIDOPTEROUS LARVAE.
Canad. Ent. 67 : 105-109.

1938. FURTHER NOTES ON SOME ALTERNATIVE HOSTS OF THE ORIENTAL FRUIT MOTH

PARASITE, GLYPTA RUFISCUTELLARIS CRESS. Canad. Ent. 70: 89-90.
RATZEBURG, J. T. C.

1844. DIE ICHNEUMONEN DER FORSTINSECTEN IN FORSTLICHER UND ENTOMOLO-
GISHER BEZIEHUNG EIN ANHANG ZUR ABBILDUNG UND BESCHREIBUNG DER
FORSTINSECTEN. V. 1. Berlin.

RICE, P. L.

1935. NOTES ON THE RAGWEED BORER (EPIBLEMA STRENUANA WALK.) AND ITS

PARASITES. Peninsula Hort. Soc. [Del.] Trans. 25: 89-94.
Ry, C. V.

1869. THE BAGWORM, ALIAS BASKET-WORM, ALIAS DROP-WORM—THYRIDOPTERYX
EPHEMERAEFORMIS, HAWORTH. Noxious, Beneficial and Other Insects,
State Mo., Ann. Rpt. 1: 147-151.

*RinNgs, R. W., and WEAVER, C. R.

1948. EFFECTS OF BENZENE HEXAOHLORIDE AND DDT UPON PARASITIZATION OF THE

ORIENTAL FRUIT MoTH. Jour. Econ. Ent. 41 : 566-569.
ROBERTS, R. A.

1933. BIOLOGY OF BRACHYMERIA FONSCOLOMBEI (DUFOUR), A HYMENOPTEROUS
PARASITE OF BLOWFLY LARVAE. U.S. Dept. Agr. Tech. Bul. 365, 22 pp.,
illus.

ROHWER, S. A,

1928. A NEW MACROCENTRUS REARED FROM THE STRAWBERRY LEAF-ROLLER. Wash.

Ent. Soc. Proc. 25: 168.
ROSENBERG, H. T.

1934. THE BIOLOGY AND DISTRIBUTION IN FRANCE OF THE LARVAL PARASITES OF

CYDIA POMONELLA L. Bul. Ent. Res. 25: 201-256, illus.
SATTERTHWAIT, A. F.

1948. IMPORTANT SUNFLOWER INSECTS AND THEIR INSECT ENEMIES. Jour. Econ.

Ent. 41: 725-731.
———and Swain, R. B.

1946. THE SUNFLOWER MOTH AND SOME OF ITS NATURAL ENEMIES. Jour. Econ.

Ent. 89: 575-580.
*SCHREAD, J. C.

1982, BEHAVIOR OF TRICHOGRAMMA IN FIELD LIBERATIONS. Jour. Econ. Ent. 25:
370-374.

*______ BricHAM, W. T, and SMITH, G. R.

1942. ALTERNATE HOST STUDIES OF THE PARASITES OF THE ORIENTAL FRUIT MOTH.
Conn. Agr. Expt. Sta. Bul. 461: 490-502.

ScHUH, J., and MotE, D. C.

1948. THE OBLIQUE-BANDED LEAF ROLLER ON RED RASPBERRIES. Oreg. Agr. Expt.

Sta. Tech. Bul. 13, 43 pp.
SHAFFNER, J. V., and Grisworp, C. L.

1934. MACROLEPIDOPTERA AND THEIR PARASITES REARED FROM FIELD COLLECTIONS
IN THE NORTHEASTERN PART OF THE UNITED STATES. U.S. Dept. Agr.
Misc. Pub. 188, 160 pp. .

Simonbs, F. J.
1947. IMPROVEMENT OF THE SEX RATIO OF A PARASITE BY SELECTION. Canad.
Ent. 79: 41-44.
SLINGERLAND, M. V.
1904. GRAPE-BERRY MOTH. N.Y. (Cornell) Agr. Expt. Sta. Bul. 223: 43-60.
*SMiITH, C. W.

1929. PARASITISM OF THE ORIENTAL PEACH MOTH IN ONTARIO WITH SPECIAL REFER-
ENCE TO BIOLOGICAL CONTROL EXPERIMENTS WITH TRICHOGRAMMA MINU-
TUuM RILEY. Ent. Soc. Ontario, Ann. Rpt. 59 : 72-80.

SMitH, H. 8.

1912. THE CHALCIDOID GENUS PERILAMPUS AND ITS RELATIONS TO THE PROBLEM

OF PARASITE INTRODUCTION. U.S. Dept. Agr. Bur. Ent. Tech. Ser. 19,

Pt. IV: 33-69.

1917. HABIT OF LEAF-OVIPOSITION AMONG PARASITIC HYMENOPTERA. Psyche 24 :
63-68.



134 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

SMuLyaN, M. T.
1936. A REVISION OF THE CHALCOID FLIES OF THE GENUS PERILAMPUS LATREILLE
OCCURRING IN AMERICA NORTH OF MEXIcO. U.S. Natl. Mus. Proc. 83:
369412,
*S~app, O. L., and SWINGLE, H. S.
1929. LIFE HISTORY OF THE ORIENTAL PEACH MOTH IN GEORGIA. U.S. Dept. Agr.
Tech. Bul. 152, 16 pp., illus.
SNopGRrass, R. E.
1917. SOME OF THE IMPORTANT INSECT PESTS OF INDIANA. Ind. State Ent. Ann.
Rpt. 9: 105-225, illus.
*STEAR, J. R.
1929. THE ORIENTAL FRUIT MOTH IN PENNSYLVANIA. Pa. Dept. Agr. Bul. (Gen.)
477: 9-10.
*STEARNS, L. A.
1919. SOME RECENTLY RECORDED PARASITES OF THE ORIENTAL PEACH MOTH. Jour.
Econ. Ent, 12: 348.

1927. A REPORT ON THE INVESTIGATIONS OF THE ORIENTAL PEACH MOTH (LASPEYRE-
SIA MOLESTA BUSCK) FOR 1925. N.J. Agr. Expt. Sta. Ent. Dept. Rpt.
1925/26 : 184-195.

1928. THE LARVAL PARASITES OF THE ORIENTAL FRUIT MOTH (LASPEYRESIA
MOLESTA BUSCK) WITH SPECIAL REFERENCE TO THE BIOLOGY OF MACRO-
CENTRUS ANCYLIVORUS ROHWER. N.J. Agr. Expt. Sta. Bul. 460, 24 pp.,
illus.
*——and Amos, J. M.
1941. TEN-YEAR RECORD OF ORIENTAL FRUIT MOTH PARASITISM IN DELAWARE.
Jour. Econ. Ent. 34 : 245-248.
*——— and NEISWANDER, R. B.
1929. ENTOMoOLOGY. Ohio Agr. Expt. Sta. Bul. 431 : 69-79, illus.
*——— and NEISWANDER, R. B.
1930. ORIENTAL FRUIT MOTH INVESTIGATIONS IN OHIO. Ohio Agr. Expt. Sta. Bul.
457, 36 pp., illus.
*——— and WrirLLiams, L. L.
1931. BIONOMICS AND CONTROL OF THE ORIENTAL FRUIT MOTH (LASPEYRESIA MO-
LESTA BUSCK). Del. Agr. Expt. Sta. Bul. 172: 36.
*STEENBURGH, W. E.
1930a. NOTES ON THE NATURAL AND INTRODUCED PARASITES OF THE ORIENTAL
PEACH MOTH (LASPEYRESIA MOLESTA BUSCK) IN ONTARIO. Ent. Soec.
Ontario, Ann. Rpt. 60: 124-130.

1930b. A SEASON’S WORK ON THE COLONIZATION IN ONTARIO OF MACROCENTRUS
ANCYLIVORUS ROHWER, A PARASITE OF THE ORIENTAL PEACH MOTH
(LASPEYRESIA MOLESTA BUSCK). Canad. Ent. 62: 71-75, illus.

1931. THE BIOLOGICAL CONTROL FACTORS AFFECTING THE ABUNDANCE OF THE
ORIENTAL PEACH MOTH (LASPEYRESIA MOLESTA BUSCK) IN ONTARIO DURING
1930. Ent. Soc. Ontario, Ann. Rpt. 61: 57-65.
SturTz, H. T.
1955. THE INFLUENCE OF SPRAY PROGRAMS ON THE FAUNA OF APPLE ORCHARDS IN
NOVA SCOTIA. VIII. NATURAL ENEMIES OF THE EYE-SPOTTED BUD MOTH,
SPILONOTA OCELLANA (D & 8) (LEPIDOPTERA: OLETHREUTIDAE). Canad.
Ent. 87: 79-85.
THoMAS, C. A.
1936. STATUS OF THE TOMATO PIN WORM GNORIMOSCHEMA LYCOPERSICELLA BUSCK
IN PENNSYLVANIA. Jour. Econ. Ent. 29: 313-317.
*THOMPSON, W. R.
1951. A CATALOGUE OF PARASITES AND PREDATORS OF INSECT PESTS. HOSTS OF
THE COLEOPTERA AND DIPTERA. Sect. 2, Pt. 1, 147 pp. Ottawa.

1953a. THE TACHINID PARASITES OF ARCHIPS CERASIVORANA FITCH (1) DICHAETO-
NEURA LEUCOPTERA JOHNS. (DIPTERA). Canad. Ent. 85: 19-30, illus.

1953b. NOTE ON DICHAETONEURA LEUCOPTERA JOHNS. (DIPTERA, TACHINIDAE).
Canad. Ent. 85 : 391-392, illus.



PARASITES OF THE ORIENTAL FRUIT MOTH 135

TILDEN, J. W.
1951. MICROLEPIDOPTERA ASSOCIATED WITH BACCHARIS PILULARIS, II TORTRICIDAE,
PHALONIDAE, GELECHIIDAE. Wasmann Jour. Biol. 9: 239-254.
TIMBERLAKE, P. H.
1918. NOTES ON SOME OF THE IMMIGRANT PARASITIC HYMENOPTERA OF THE
HAWAIIAN ISLANDS. Hawaii. Ent. Soc. Proc. 3 : 399404,
TowNESs, H. K., Jr.
1939. PROTECTIVE ODORS AMONG THE ICHNEUMONIDAE (HYMENOPTERA). Brooklyn
Ent. Soc. Bul. 34 : 29-30.

1940. A REVISION OF THE PIMPLINI OF EASTERN NORTH AMERICA (HYMENOPTERA,
ICHNEUMONIDAE). Amer. Ent. Soc. Ann. 33 : 283-323.

1944, A CATALOGUE AND RECLASSIFICATION OF THE NEARCTIC ICHNEUMONIDAE.
Amer. Ent. Soc. Mem. 11, Pt. I, pp. 1477.

1945. A CATALOGUE AND RECLASSIFICATION OF THE NEARCTIC ICHNEUMONIDAE.
Amer. Ent. Soc. Mem. 11, Pt. II, pp. 478-925.

1947. A EUMENES WASP AND SIX ADVENTIVE ICHNEUMONIDAE NEW TO HAWAII
(HYMENOPTERA). Hawaii. Ent. Soc. Proc. 13: 105-106.
UNDERHILL, G. W.
1943. SOME INSECT PESTS OF ORNAMENTAL PLANTS. Va. Agr. Expt. Sta. Bul. 349,
38 pp.
VANCE, A. M.
1932. MICROGASTER TIBIALIS NEES AS A HYMENOPTEROUS PARASITE OF PYRAUSTA
NUBILALIS HUBN. IN EUROPE. Amer. Ent. Soc. Ann. 25: 121-124.
*VAN STEENBURGH, W. E.
1932. THE PARASITES OF THE ORIENTAL FRUIT MOTH (LASPEYRESIA MOLESTA
BUSCK) IN ONTARIO IN 1931. Ent. Soc. Ontario, Ann. Rpt. 62: 66-69.

1934. TRICHOGRAMMA MINUTUM RILEY AS A PARASITE OF THE ORIENTAL FRUIT
MOTH (LASPEYRESIA MOLESTA BUSCK) IN ONTARIO. Canad. Jour. Res.
10: 287-314, illus.

1935. PARASITES OF THE ORIENTAL FRUIT MOTH IN ONTARIO. Ent. Soc. Ontario,
Ann. Rpt. 65: 68-72.

1936. NOTABLE CHANGES IN THE ORIENTAL FRUIT MOTH PARASITE SITUATION.
Ent. Soc. Ontario, Ann. Rpt. 66 : 15-16.
*——and Boycg, H. R.
1938. BIOLOGICAL CONTROL OF THE ORIENTAL FRUIT MOTH LASPEYRESIA MOLESTA
BUSCK IN ONTARIO: A REVIEW OF TEN YEARS’ WORK. Ent. Soc. Ontario,
Ann. Rpt. 69: 65-74.
VICKERY, R. A.
1929. STUDIES OF THE FALL ARMY WORM IN THE GULF COAST DISTRICT OF TEXAS.
U.S. Dept. Agr. Tech. Bul. 138, 63 pp.
VIERECK, H. L.
1924. DESCRIPTIONS OF NEW REARED HYMENOPTERA FROM NOVA SCOTIA AND
BRITISH COLUMBIA. Canad. Ent. 56 : 64-69, illus.
————and COLLABORATORS.
1916. HYMENOPTERA OR WASP-LIKE INSECTS OF CONNECTICUT. Conn. Geol. and
Nat. Hist. Survey Bul. 22, 824 pp., illus.
VinarL, S. C., and CAFFREY, D. J.
1919. THE EUROPEAN CORN BORER AND ITS CONTROL. Mass. Agr. Expt. Sta. Bul.
189, 71 pp., illus.
WALLEY, G. S.
1951. NOTES ON PHANEROTOMA TIBIALIS (HALD.) AND P. FASCIATA PROV., WITH A
DESCRIPTION OF TWO NEW SPECIES (HYMENOPTERA : BRACONIDAE). Canad.
Ent. 83: 301-308.

1953. HYMENOPTEROUS PARASITES OF CHORISTONEURA PINUS FREE. (LEPID., TORTRI-
CIDAE) IN CANADA. Canad. Ent. 85: 152.
*WEAVER, C. R.
1949. SOME ASPECTS OF THE DISTRIBUTION OF LARVAL PARASITES OF THE ORIENTAL
FRUIT MOTH IN oHIO. Ohio Jour. Sci. 49: 1564-159.



136 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

‘WEBSTER, R. L., and SHENEFELT, R. D.
1945, NATURAL CONTROL OF PEA MOTH, CABBAGE SEED POD WEEVIL, SQUASH BUG,
AND OTHER CROP PESTS BY HYMENOPTEROUS AND DIPTEROUS PARASITES.
Wash. Agr. Expt. Sta. Bul. 470: 39-40.
Weep, C. M.
1887. ON THE PARASITES OF THE LESSER APPLE LEAF-ROLLER, TERAS MINUTA
(roBs.). Ill State Lab. Nat. Hist. Bul. 3: 39—44.

1900. THE FOREST TENT CATERPILLAR. N.H. Agr. Expt. Sta. Bul. 75: 109-132,
illus.
and Fiske, W. F.
1900. THE RELATIONS OF PIMPLA CONQUISITOR TO CLISIOCAMPA AMERICANA. U.S.
Dept. Agr. Bur. Ent. (n.s.) Bul. 26: 33-34.
*WHEELER, E. H.
1945. INVESTIGATION OF THE PROBLEMS OF BIOLOGICAL CONTROL WITH REFERENCE
TO THE ORIENTAL FRUIT MOTH AS A PEST OF THE PEACH. N.Y. (Geneva)
Agr. Expt. Sta. Ann. Rpt. 63: 23-25.
‘WILDER, M. C.
1927. OBSERVATIONS ON THE ICHNEUMON-FLY EPIURUS PTEROPHORI ASHM.
Psyche 34 : 227-229.
‘WiLLArRD, H. F.
1927. PARASITES OF THE PINK BOLLWORM IN HAWAIL U.S. Dept. Agr. Tech. Bul.
19, 15 pp., illus.
*Wingo, C. W.
1940. THE IMPORTANCE AND USE OF PARASITES IN THE CONTROL OF THE ORIENTAL
FRUIT MOTH. Mo. Acad. Sci. Proc. 5: 122-124.

1941. THE ORIENTAL FRUIT MOTH IN MISSOURI. Mo. Agr. Expt. Sta. Bul. 424,
15 pp., illus.
WISHART, G.
1943a. IMPORTANT DEVELOPMENTS IN THE CORNBORER PARASITE SITUATION. Ent.
Soc. Ontario, Ann. Rpt. 73: 26-30.

1943b. NOTE ON THE ESTABLISHMENT IN CANADA OF IMPORTED PARASITES OF THE
PEA MOTH, LASPEYRESIA NIGRICANA, STEPH. Canad. Ent. 75: 237-238.
*Woop, W. B.
1918. THE ORIENTAL PEACH MOTH : A JAPANESE FRUIT INSECT RECENTLY INTRO-
DUCED INTO THE UNITED STATES. Calif. State Commr. Hort. Monthly
Bul. 7: 523-529.
and SELKREGG, E. R.
1918. FURTHER NOTES ON LASPEYRESIA MOLESTA. Jour. Agr. Res. 13: 59-72,
illus.
*YETTER, W. P., JR., and ArLLEN, H. W.
1940. EFFECT OF LARVAL PARASITIZATION OF THE ORIENTAL FRUIT MOTH ON INFES-
TATION. Jour. Econ. Ent. 33: 349-353.




INDEX OF GENERA AND SPECIES

(Italic numbers refer to main, detailed discussions)

Page.
AQathis - - - oo e 13, 29
Agathis annulipes (Cress.) - __________________. 29,114, 115, 116, 117
Agathis cincta (Cress.) - . 29—30 113 114, 115 117
Agathis diversa (Mues.) - .. 6, 28, 29 30—31 119
Agathis festiva Mues. . _ _ _ - .- 29 31—34, 116 119
Agathis rubripes Cress._____ . 29, 30 112
Anachaetopsis tortricis (CoqQ.) oo oo _____ 9, 11-12,113, 114, 115, 116, 117 118
Apanteles-_ - - e 13, 34 36
Apanteles cacoeciae Riley - - - __ - _______________ 35,114, 115, 116 117
Apanteles clavatus (Prov.) - e 35 115 116
Apanteles epinotiae Vier.___ _ - __ ________________________ 28, 34~35, 114 116 117
Apanteles molestae Mues. .. ___ - oo
Apanteles polychrosidis Vier.._._ - _ . 35, 112
Apistephialtes. - - ___ . 67, 68, 70-71
Apistephialtes variatipes (Prov.) - - oo 71 72, 115
Arachnophaga_ _ - __ . 66, 91, 92, 99, 101 112
Arachnophaga costalis Gahan_______ ______________________________._ 99 00 118
Arachnophaga frontalis Gahan__________________________ 99-100, 113, 114, 117, 119
Arachnophaga longiceps (Brues) - __ oL 99, 100, 112
Ascogaster - - __ o= 13
Ascogaster quadridentata Wsml.__________________ 6, 7, 8, 37-40, 64, 114, 115, 116, 117
Alrometus - _ - - - o o e 6 44
Atrometus clavipes (Davis) - - 59-60, 114, 115
Bathythriz peregrina (Cress.) - - - . 76,112
Brachymeria. . _ e ieccem e 91, 109 110
Brachymeria hammart (Cwfd.) - _ _ . _________ 97,108, 110, 114, 115 116 117
Brachymeria ovata ovata (Say) 108 110-11 1 112
Bracon — - e 6, 13, 41
Bracon gelechiae Ashm._.____________________ .. 42-43, 112
Bracon mellitor Say - _ e 41-42,112
Bracon politiventris (Cush.) - - o eea-_. 43,112
Calliephialtes_ . _ _ - - e 67, 68, 70-71
Calliephialtes grapholithae (Cress.) - - - - ________ 64, 69, 71-72, 97, 115, 116 117 118
Campoplex—____ e 4, 49
C’ampoplez tortricidis Cush. .. .. 49, 112
Campoplex SPP.-— - - - - - o e 49
Cryptus_ - e 67
Cryptus albitarsis albitarsis (S&Yy) - - - - o ___ 84,114, 115,117
Dibrachys - - o o e 65 91
Dibrachys cavus (WIKk.) - - L 66, 103-106, 112
Dichaetoneura leucoptera Johns. . - - _____ . _____.__ 9,12-13,112
Encyrtaspis - - - - o o e 91 92
Encyrtaspis semirufa Gahan___________________________________ 101-102, 117, 118
Eubadizon - . __ e 13
Eubadizon pleurale Cress. .- . 8, 14, 27-29, 115
Eupelmella__ - _ oo 91 92
Eupelmella vesicularis (Retz.) - - - . 100-101, 112
Eupelmus 67, 91, 92-93
Eupelmus allynii (Freneh) ______ . 93, 98—99 112
Eupelmus cyaniceps amicus Gir..__ . 93, .97—-98, 112
Eupelmus cyaniceps cyaniceps Ashm..__.._____ _____________________ 93, 96-97, 112
Eupelmus limneriae How.___ _ ____________________________ 66, 93-96, 114 118 119
Eupelmus spongipartus Foerst.________________________________ 93, 96—96‘ 118 119
Eurytoma._ - - - e e mem—emmmmemem oo 67 91
Eurytoma appendigaster (Swed.) - .._____ 66, 102, 106-108, 113, 114, 115, 116, 118, 119
Eurytoma 8P. .o - - - e - o oo oo e emem e 108
GaAMBIUS . - - e o oo m e eeeeem e 67



138 TECHNICAL BULLETIN 1265, U.S. DEPARTMENT OF AGRICULTURE

Page
Gambrus stokesis Cam._________________________________________________._ 120
Gambrus wltimus (Cress.) - _ - __ . ____________ 84-86, 113, 114, 115, 116, 117
Gelis_ e 66 67 81
Gelis apantelis Cush.__________________________________________. -~ 81, 83—84, 112
Gelis nocuus Cush..__ - ____________________________________________ 81, 84, 112
Gelis tenellus (Say) .. - _____ e 66, 81-83, 112
YDl o ________ 44
Glypta rufiscutellaris Cress....-________ 8, 44—48, 76, 80, 96, 99, 101, 105, 107, 115, 116
Gomdozus_ _ . 6 66
Goniozus foveolatus Ashm._____________________________ 111-112,113, 115, 116, 117
Haltichella_ - e 91
Haltichella longicornis Ashm._._____________________________________ 108,109, 110
Haltichella zanticles (WIk.) . __ . ______ 108, 109, 113, 116 118
Horogenes_ . __ . o ___________ 44 4.9
Horogenes molestae (Uch.) _______________ ___ o _____ 65, 1
Horogenes obliteratus (Cress.) .- _________________ 8,49, 50-51, 113, 114, 115, 116, 117
Horogenes rosanae (Vier.) - .- _ oo __ 51,112
Ttoplectis - — - . 66, 67 72
Ttoplectis conquisitor (Say) - - _____.___ 76-76, 90, 112
Labrorychus__ . 6, 44
Labrorychus prismaticus (Norton) .- - ________________________ 59,115, 117
Lizophaga - - - - o _____ 9,112
Lizophaga mediocris AM._______________________________________.__ 9,10-11,116
Lizophaga plumbea AMI.._________________________________________ 9, 1 1, 115 116
Lizophaga variabilis (Coq.) - - - ____________ 9-10, 113, 115, 116 117,118
Lymeon - - - .. 66 67,112
Lymeon orbum (Say)___ . _________ 86-88, 113, 114, 117, 119
Macrocentrus. - .- ___ o _____ 6, 13, 14-15, 27, 65, 97, 102
Macrocentrus ancylivorus Roh..__ ________________________________________ 6,7,
8, 16-24, 25. 26, 27, 53, 57, 65, 68, 78, 83, 87, 94, 95, 96, 97, 98, 99, 100
102 105, 106, 107, 108 114 115 116 117
Macrocentrus delzcgtus CT€8S. - oo . 8, 15,
16, 19, 25-26, 48, 65, 96, 99, 105, 114, 115, 116, 117, 118
Macrocentrus instabilis Mues_________ 8, 15 16 26’—27 97 107 113 114 115 116 117
Macrocentrus pallistersi DeGant___________________________________ 15 16 27 116
Macrocentrus thoracicus (Nees) - - - _ o _______ 119
Mastrus - - - - __. 67,77
Mastrus carpocapsae (Cush.) - _______________________________________ 77, 80, 112
Mastrus pilifrons (Prov.) - .. o ___ 7779, 115 118
Mastrus smathis (Pack.) . . - ________ 77,79-80, 114, 118 119
Mastrus Sp..o . 80
Meteorus. - - - - 13
Meteorus trachynotus Vier..______ __ . _______ 14,114,115
Microgaster  _ - 13, 36
Microgaster ecdytolophae Mues..._____________________ 28, 36, 113, 114, 115, 116, 117
Microgaster epagoges Gahan_________________________________________ 36’-—37 112
Monodontomerus . _ _ - . ____. 91
Monodontomerus subobsoletus Gahan________________________________ 102,117, 119
Nemorilla floralis (Fall.) ___________ o ________ 9 11,112
Orgilus longiceps Mues.._ - . - ____ o o_____ 119
Perilampus _ _ . ______ 6, 39, 63-6/4
Perilampus fulvicornis fulvicornis Ashm._______________________________ 64-65,112
Perilampus fulvicornis prothoracicus Smul.____________________________ 65,115, 118
Perilampus stygicus Prov..._ o ________ 65,118
Perisierola angulata Mues.._.____________________________________________ 121
Phaeogenes_ - ________. 66, 67
Phaeogenes walshiae walshiae (Ashm.) _ _ ________________ 66, 85, 88-90, 114, 115, 116
Phanerotoma_ _ - . ____________ o ___
Phanerotoma fasciata Prov._. . _______________ [ 6, 40-41, 64, 65, 115, 116
Phanerotoma grapholithae Mues..____________________________________ 0 119 120
Phobotes - - - o __. 67
Phobotes thyridopteryz (Riley) ___________________ Il ITTTTTTTmTTTTmT 81,112
Pimpla. . e ____ 66, 67, 72
Pimpla aequalis Prov.___________________________ 72, 72-73, 113, 114, 115, 117, 118
Pimpla inflata Townes_ ________________.____ 66, 72, 73—7576 105, 114, 115, 116, 117

Pristomerus_ - - - e 44 51



PARASITES OF THE ORIENTAL FRUIT MOTH 139

Page
Pristomerus austrinus T. & T..____________________________ 51,68-64, 115, 116, 117
Pristomerus euryptychiae Ashm____________________ 8, 61-53, 105, 114, 115, 116, 117
Pristomerus vulnerator (Panz.)____________________________ "7 51,119-120
Seambus__________________________________ [T TTTTmTmmmmmmmmett Tt 67, 68
Scambus hispae (Harris) . ___________________________ T TTTTmmmmmm 68-70, 112
Scambus pterophori (Ashm.). __________________________ " TTTTTTTTT 68, 70, 112
Spilochalcis side (Wlk.).___________________________ " TTTTTTmmTTTTm O 91
Syntomosphyrum_________________________________ T 108,111,112
Syntomosphyrum esurus (Riley)________________________TTTTTmmmmmm ot 65, 91, 112
Temelucha__________________________________ . 91-92, 114, 117, 118
Temelucha carpocapsae (Cush.) - _________________________"°°° " " 44,51, 54-65
Temelucha cookii (Weed) . ___________________________ """ 54, 55, 68, 69, 115
Temelucha epagoges (Cush.)__________________________ 54, 55, 68, 114, 115, 116, 117
Temelucha forbesi (Weed) ___________________________ 8, 54, 55, 66-57, 114, 115,116
Temelucha grapholithae (Cush.) . ______________________ '~ 7, 8, 54, 55, 67-68
Temelucha minor (Cush.)________________ 8, 54, 6656, 65, 96, 114, 115, 116, 117, 118
Temelucha SPP.- - ____ e 59
Tozophoroides___________________________________________ Tt 44
Tozophoroides albomarginatus albomarginatus (Cress.).__________________ 48-49, 112
Trichogramma minutum Riley ___________________ " TT"7TTmTT 6, 60-63, 112
Tritneptis ______ T 91, 112
Tritneptis hemerocampae Gir.__ _____ . ____________________°~ 102,113,115,118

U.S. GOVERNMENT PRINTING OFFICE: 1962 O—629265



